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FOSSIL AND RECENT SPECIES OF THE PELECYPOD GENERA 
CHIONE AND SECURELLA FROM THE PACIFIC COAST! 


PIERRE PARKER 
Washington, D. C. 





AsstrRAcT—Thirty-four species, one subspecies and five varieties of chionid pelecy- 
pods from the Tertiary and Recent faunas of the Pacific Coast of North America 
are discussed and figured. Nineteen species, the subspecies and all the varieties are 
referred to the genus Chione, with the subgenera Chione s.s., Anomalocardia, and 
the new subgenus Gnidiella. The remaining 13 species are referred to the new genus 
Securella. The genus Chione is apparently of neotropical origin, first appearing in 
California during the Temblor Miocene. In the Recent fauna the genus Chione 
ranges from Point Conception, California, to Peru, but during the Pleistocene it 
ranged as far north as Tomales Bay, California. The new genus Securella, in con- 
trast to Chione, appears to have a North Pacific origin, first appearing in the upper 
Oligocene of central California, Washington and Alaska, and becoming extinct in the 
Pliocene. The geographic distribution of Securella is from the Transverse Ranges of 
southern California north to Alaska and westward to Kamchatka. The species of ten 
referred to as Chione fluctifraga and C. columbiensis appear to be better referred to 
the genus Protothaca. 
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distorted individuals, resulting in an un- 
necessary number of names. 


INTRODUCTION 


HIS paper is an attempt to monograph 


the chiones of the Pacific Coast of North 
America. Many of the species are closely 
related to those of the Caribbean region, 
but lack of time and material prevented the 
inclusion of Caribbean forms in this discus- 
sion. In the California region chiones are 
found with sufficient frequency in the strati- 
graphic record to serve as valuable horizon 
markers and as a result they deserve careful 
examination to prevent any misunderstand- 
ing of their stratigraphic value. This is par- 
ticularly important since many species have 
been described from poorly preserved and 


1 A Contribution from the Museum of Paleon- 
tology of the University of California, Berkeley, 
California. 


In the course of the investigation it be- 
came evident that a large number of fossil 
species, hitherto referred to the genus 
Chione, formed in themselves a closely re- 
lated group. Because of the fact that this 
group has not only a different point of origin 
than the genus Chione but a different range 
geologically as well as geographically, and 
in addition special features of hinge and 
sculpture, it became desirable to recognize 
the group under the new generic name of 
Securella. Since both genera make their 
first appearance in widely separated areas of 
North America at about the same time, 
there is no reason to believe that they are 
more closely related than any other genera 
of the Veneridae. 
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The West Coast species here referred to 
Chione are classified among three subgenera: 
Anomalocardia, Chione s.s., and the new 
subgenus Gnidiella. These subgenera do not 
correspond to those used by Palmer.? The 
subgenus Chione of that paper has been 
divided into Chione and Gnidiella, while the 
present Anomalocardia includes part of her 
Lirophora. 

Among the Recent species, too, there has 
been found need for considerable revision. 

Dall,’ for example, reported Chione subro- 
strata, a Caribbean species, from Mazatlan 
to Peru, yet not a single authentic specimen 
of this species from the Pacific Coast can 
be found in collections of West Coast mu- 
seums. 

The conclusions drawn here are the result 
of intensive study of many hundreds of 
specimens. Several types have been further 
cleaned and refigured, and new topotype 
material prepared. 

Dental armature is the primary basis for 
classification of the Pelecypoda, but the 
author feels that this has not been suffi- 
ciently stressed in dealing with the smaller 
categories such as subgenera and species. 


2 Palaeontographica Americana, vol. 1, no. 5, 
p. 139, 1926. 
3 Proc. U. S. Nat. Mus., vol. 26, p. 393, 1902. 





PIERRE PARKER 


That the hinge is a much more conservative 
structure than the surface ornamentation is 
generally accepted; therefore it is only rea. 
sonable that surface sculpture should be 
used only after the last inference has been 
drawn from the hinge. In consequence the 
classification presented here is based pri. 
marily upon the character of the hinge and 
ligament, while the shape and ornamenta- 
tion has been utilized in the differentiation 
of species and smaller units. 

The author wishes to express his thanks 
to the late Dr. B. L. Clark for guidance ip 
the preparation of this paper. His indebted. 
ness is also acknowledged to Drs. J. W. 
Durham, L. G. Hertlein, A. M. Keen, and 
G. E. MacGinitie. 

Assistance in the preparation of these 
materials was furnished by the personnel 
of the Works Projects Administration, Off- 
cial Project No. 65-1-08-62, Unit A-1. 


ECOLOGY 


Living species of Chione usually are found 
in the comparatively shallow waters of bays 
and lagoons. However, Chione kellettii has 
been dredged from 100 fathoms: off Lower 
California. Chiones are often found in large 
numbers just below the mean low tide line, 
and at times more than one species may live 
at the same locality. 





EXPLANATION OF PLATE 89 


Fic. 1—Chione (Chione) undatella (Sowerby) s.s. (X0.8). Hypotype Stanford Univ. Paleo. Type Coll. 
no. 5968. Recent, ‘Lower California.” (p. 582) 
2, 5, 6—C. (C.) metadon Pilsbry and Lowe. Hypotype C.A.S. no. 7788. Recent, West Coast of 
Mexico. 2, (X0.65); 5, 6, (X1). (p. 581) 

3—C. (C.) compta (Broderip) (X1.3). Hypotype U. S. Nat. Mus. no. 131508. Recent, Payta, 


Peru (p. 581) 
4—Securella enstfera (Dall). (X1.3). Hypotype C.A.S. no. 5976, C.A.S. loc. 913. eiiateans of | 
Washington. An example of hinge of Securella. (p. 590) 


7—Protothaca fluctifraga (Sowerby) (X2). Hypotype Stanford Univ. Paleo. Type Coll. no. 6957. 
Recent, Almejos Bay, Lower California. (p. 593) 
8—Chione (Gnidiella) amathusia (Philippi) (X1.3). Hypotype no. 36081, loc. 2404. 3 Gulf 
of California. An example of hinge of subgenus Gnidiella. (p. 582) 
9—C. (Chione) cancellata (Linneaus) (0.85). Hypotype no. 36101, loc. 6113. Recent, West In- 
dies. Genotype of Chione. (p. 580) 
10—C. (Anomalocardia) subrugosa (Sowerby) (X1.3). Hypotype no. 36089, loc. 2404. Recent, 
Gulf of California. An example of hinge of Anomalocardia. (p. 587) 
11, 14—C. (Chione) californitensis (Broderip) s.s. 11, (X1.3), hypotype no. 36072, loc. 2392. Re- 
cent, San Diego, California. 14, (0.8), hypotype no. 36073, same loc. as fig. 11. (p. 580) 
12—C. (Gnidiella) gnidia (Broderip and Sowerby) (X1.3). Hypotype no. 36083, loc. 2416. Recent, 


Panama. p. 583) 
13—C. (Chione) californiensis (Broderip) var. gealyt Parker, n. var. (0.8). Holotype no. 36074, 
loc. 1657. Recent, Mission Bay, California. (p. 580) 


15—C. (C.) undatella subsp. simillima (Sowerby) (X1.3). Hypotype no. 36079, loc. 1668. homey 
San Diego, California. 


(p. 582) 
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PACIFIC COAST CHIONE (AND SECURELLA) 579 


Acollection of live specimens from a small 
intertidal area in Mission Bay, California, 
consisted of some 200 individuals of various 
sizes. These were found to include two spe- 
cies, Chione undatella subsp. simillima, and 
Chione californiensis var. gealeyt, in equal 
numbers. In view of the obviously close re- 
semblance between these two species and the 
striking fact that no intermediate forms were 
present, the possibility of sexual dimorphism 
was considered. A subsequent investiga- 
tion, however, proved this not to be the 
case as both sexes were found in each mor- 
phologic group. 

In California, Protothaca staminea, P. 
fluctifraga and Macoma nasuta are com- 
monly found living in association with 
Chione undatella and C. californiensis. 


DISTRIBUTION 


The subgenera Chione, Gnidiella and 
Anomalocardia are probably of neotropical 
origin. Their present distribution is limited 
to warm waters. The subgenus Chione finds 
its northern boundary at Point Conception 
(latitude 34°25’ N.), Gnidiella and Anomalo- 
cardia at Cedros Island, Lower California 
(latitude 28°12’ N.). All three subgenera 
are abundant from the Gulf of California to 
Panama. Peru seems to be the southernmost 
occurrence reported for the genus Chione, 
although the records are scarce. 

The genus Securella appears to have its 
greatest abundance in the region from north- 


ern California north to Washington, but 
has been recorded as far south as the Trans- 
verse Ranges in southern California (lati- 
tude 34°30’ N.), northward to the Gulf of 
Alaska (latitude 60° N.), and westward 
from there to Kamchatka. 


GEOLOGIC RANGE 


The subgenera Gnidiella and Anomalo- 
cardia first appear in California during the 
Temblor Miocene. At that time Gnidiella 
extended as far north as the southern San 
Joaquin Valley, somewhat further north 
than at any later time. The subgenus Chione 
s. s. did not appear in California proper 
until late Pliocene or early Pleistocene. In 
the Pleistocene it ranged as far north as 
Tomales Bay. The genus Securella is first 
recorded in the upper Oligocene of Alaska, 
Washington and California, and appears to 
have become extinct during the upper Plio- 
cene. It is also known from the Miocene- 
Pliocene of Kamchatka. 


SYSTEMATIC DESCRIPTION 


In the following descriptions of species, 
the conventional method of completely de- 
scribing each species has been dispensed 
with. Instead each species is compared to 
the subgeneric description and only those 
points in which they differ from the typical 
are mentioned. It is hoped that the illustra- 
tions may adequately replace written de- 
scriptions. 





EXPLANATION OF PLATE 90 


Fics. 1, 5, 11—Chione (Chione) californiensis (Broderip) var. peabodyi Parker, n. var. (0.80). /, hol- 
otype no. 36076; 5, paratype no. 36078; 11, paratype no. 36077. Loc. 7086, Pleistocene. 


(p. 581) 


2, 4, 9—C. (C.) undatella (Sowerby) var. taberi Parker (0.75). 2, 4, 9, holotype no. 736080: 


from loc. 2897. Recent, Gulf of California. 


(p. 582) 


3—C. californiensts (Broderip) var. durhami Parker, n. var. (X0.75). Holotype C.A.S. no. 
5977, loc. 27242. Recent, Espiritu Island, Gulf of California. (p. 581) 
6, 8—C. (C.) compta (Broderip) (X1). Hypotype U. S. Nat. Mus. no. 131508, Recent, Payta, 


Peru. 
7, 10— 


(p. 581) 


C. (C.) californiensis (Broderip) var. gealeyi Parker, n. var. (1.25). Holotype no. 36074, 


loc. 1657. Recent, Mission Bay, California. (p. 580) 
12, 13—C. (C.) undatella (Sowerby) s.s. (X0.80). Hypotype Stanford Univ. Paleo. Type oo 


no. 6958. Recent, Lower California. 


(p. 
14—C. (C.) compta (Broderip) var. meridionalis Oldroyd (X1). Holotype no. 31206, om 3138. 


Recent, Sechura Bay, Peru. 


(p. 
15, 16—C. (C.) undatella (Sowerby) subsp. stmillima (Sowerby) (X1.2). Hypotype no. 56079, 
loc. 1668, Recent, San Diego, California. 


81) 
581) 
(p. 582) 
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Genus CHIONE Megerle von Muhlfeld 


Chione MEGERLE VON MUHLFELD 1811, Mag. Ges. 
Naturf. Freunde zu Berlin, v. 5, p. 51. 

Chiona MOrcH# 1853, Cat. Conch. Yoldi, p. 24. 

Chitone, DESHAYES 1853, Cat. Conch. Brit. Mus., 


pt. i, p. 178. 
Chione, GRANT and GALE 1931, Mem. San 


Diego Soc. Nat. Hist. v. 1, p. 318. 

Genotype Venus dysera Chemnitz = Venus can- 
cellata Linnaeus. Living, Cape Hatteras to 
Trinidad. (Plate 91, figs. 3, 4.) 


Shell more or less trigonal because of 
prominent beak; lunule and escutcheon well 
defined; escutcheon with faint concentric 
ribbing or smooth; sculpture of lunule simi- 
lar to that of shell; crenulations along inner 
margin of ventral half of shell and on mar- 
gin of lunule; hinge plate of each valve with 
only three teeth; middle cardinal of left 
valve may be grooved; middle and posterior 
cardinals of right valve sometimes slightly 
grooved; both radial and concentric ribs 
present but radial ribbing may be obscured 
or obliterated by overlying concentric ribs; 
pallial sinus usually short and rounded. 

The chief morphologic basis for the sepa- 
ration of Chione from the new genus Securella 
lies in the position of the ligament and shape 
of the pallial sinus. In Chione the ligament 
barely penetrates the valve to meet the 
nymph plate while in Securella it is deeply 
sunken in the valve and extends well across 
the hinge before abutting against the nymph 
plate. 


Subgenus CHIONE s. s. 


Teeth smooth except for slight grooves on 
steep face toward the umbones; right an- 
terior cardinal reduced or absent; right 
middle cardinal wide; pallial sinus almost 
absent; sculpture of radial and concentric 
ribs. 

The hinge of Chione (Chione) undatella 
subsp. simillima (Sowerby) (PI. 89, fig. 15) 
is characteristic of the Pacific Coast mem- 
bers of this subgenus. 


Chione (Chione) californiensis (Broderip) 
Plate 89, figures 11, 14 


Venus succincta VALENCIENNES 1833, in Hum- 
boldt and Bonpland, Recueil d’Obser. Zool. vol. 
2, p. 219; figured in Atlas to vol. 2, 1811. Not 
Venus succincta Linne 1771, Mantissa 2, p. 546. 

Venus californiensis BRODERIP 1835, Proc. Zool. 
Soc. London, p. 43; Sowerby 1855, Thes. 
Conch. vol. 2, p. 711, pl. 154, figs. 40, 41. 


Venus nutialli CONRAD 1837, Jour. Acad. Nat 
Sci. Phil. vol. 7, p. 251, pl. 19, fig. 16, not fig, 14 
Chione succincta, GABB, 1869, Geol. Surv. Calif 
Paleo. vol. 2, p. 94. : 
Chione (Chione) succincta, DALL, 1902, Proc. U,§ 
Nat. Mus. vol. 26, p. 392. : 
Venus (Chione) succincta, GRANT and GALE, 193} 
(in part) Mem. San Diego Soc. Nat. Hist, yo} 
1, p. 321, pl. 16, fig. 1-4. 


Anterior cardinal of right valve almost 
lost and fused to lunular margin of shell. 
middle cardinal very wide with its sides 
almost parallel; top surface of this tooth 
flat so that dorsal and ventral slopes meet 
in a ridge about midway; in left valve an- 
terior cardinal straight; middle cardinal 
with parallel sides and slightly grooved dor. 
sal slope; sculpture of lunule predominantly 
radial. 

C. californiensis may be distinguished 
from C. undatella not only by the above 
features but also by the concentric ribs 
which thicken and recurve umbonally. In 
general, there is a tendency to obsolescence 
of the concentric ribs at the umbonal end 
and also posteriorly. 

Dimensions.—Hypotype no. 36072, length 
58 mm., height 56 mm. 

Hypotypes——Nos. 36072, 
2392, San Diego, California. 

Distribution.—Recent, San Pedro, Cali- 
fornia, to Panama; Pleistocene of San Pedro, 
California; late Pliocene and early Pleisto- 
cene of Gulf of California region. 

The above description applies only to 
Chione (C.) californiensis s.s. 


36073,4 loc. 


CHIONE (C.) CALIFORNIENSIS var. 
GEALEYI Parker, n. var. 
Plate 89, figure 13; plate 90, figure 7, 10 


Characterized by a reduction in number 
of concentric ribs and their disappearance 
posteriorly; shell outline noticeably longer 
than high. 

Dimensions of holotype-—Length 40 mm., 
height 35 mm. 

Holotype—No. 36074, paratype _ no. 
36075, loc. 1657, Mission Bay, San Diego, 
California. 

Distribution.—Recent; Pt. Conception to 
Guaymas, Gulf of California. 


4 Unless otherwise noted, all specimen and lo- 
cality numbers refer to the collections in the 
Museum of Paleontology, University of Califor- 
nia, Berkeley, California. 
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PACIFIC COAST CHIONE (AND SECURELLA) 581 


CHIONE (C.) CALIFORNIENSIS var. 
DURHAMI Parker, n. var. 
Plate 90, figure 3 


Distinguished by very thin concentric 
ribs crenulated by radial ribs; concentric 
ribs completely developed from anterior to 
posterior margins; ventrally on adult shells 
they recurve umbonally to overlap preced- 
ing rib. 

Dimensions.—Length 70 mm., height 65 


mm. 
Holotype-—Cal. Acad. Sci. Paleo. Type 
Coll. no. 5977, C.A.S. loc. 27242, Espiritu 
Island, Gulf of California. 
DistributionRecent, San Pedro, Cali- 
fornia, to Panama. Pleistocene of San 
Pedro, California. Late Pliocene and early 
Pleistocene of Gulf of California region. 


CHIONE (C.) CALIFORNIENSIS var. 
PEABODYI Parker, n. var. 
Plate 90, figures 1, 5, 11 


Characterized by a particularly heavy 
hinge plate with much reinforcing material 
between teeth; in mature individuals um- 
bonal ends of sockets completely filled and 
even part of the teeth are covered; con- 
centric ribs recurve anteriorly at an early 
stage and on younger portions of shell even 
coalesce; shell outline variable. 

Dimensions of holotype-—Length 63 mm., 
height 59 mm. 

Holotype.-—No. 36076, paratypes nos. 
36077, 36078, all from loc. 7086 (large 
canyon one-half mile north of Springville, 
Ventura County, California). Pleistocene. 

Distribution.—Pleistocene: Saugus forma- 
tion of Santa Barbara County; late Pliocene 
and early Pleistocene of the Gulf of Cali- 
fornia and the Galapagos Islands. 


CHIONE (CHIONE) compTaA (Broderip) 
Plate 89, figure 3; plate 90, figures 6, 8 
Venus compta BropveriP, 1835, Proc. Zool. Soc. 

London, p. 43. 

Chione (Chione) compta, DALL, 1902. Proc. U. S. 

Nat. Mus. vol. 26, p. 393. 

Hinge same as that of Chione undatella 
simillima, but much flatter; concentric ribs 
very thick, evenly and widely separated 

Dimensions.—Length 60 mm., height 53 
mm. (large mature shell). 

Hypotype—U. S. Nat. Mus. no. 131508, 
Payta, Peru. 


Distribution.—Recent, Gulf of California 
to Peru. 


CHIONE (C.) COMPTA var. 
MERIDIONALIS Oldroyd 
Plate 90, figure 14 


Chione meridionalis OLpROyD, 1921, 
vol. 34, p. 93, pl. 4, figs. 3, 4. 


Normal concentric ribs in part replaced by 
low rounded swellings. Dimensions and dis- 
tribution same as the typical form. 

Holotype.-—No. 31206, Recent, Sechura 
Bay, Peru. 


Nautilus, 


CHIONE (CHIONE) METADON 
Pilsbry and Lowe 
Plate 89, figures 2, 5, 6; plate 91, 
figures 5, 6 
Chione metadon Pi_tssry and Lowe, 1931, Proc. 

Acad. Nat. Sci. Phil. vol. 84, p. 100, pl. 15, 

figs. 10, 11. 

Distinctive in possessing unusually long 
anterior cardinals. 

Dimensions of hypotype.—(C. A. S. Paleo. 
Type Coll. no. 7788), length 55 mm., height 
50 mm. 

Holotype-—Acad. Nat. Sci. Phil. no. 
155571. 

Hypotype—Calif. Acad. Sci. 
Recent, West Coast of Mexico. 

Distribution.—Recent, Gulf of California 
to Panama. 


no. 7788, 


CHIONE (CHIONE) UNDATELLA (Sowerby) 
Plate 89, figure 1; plate 90, figures 12, 13 


Venus undatella SowERBY, 1835, Proc. Zool. Soc. 
London p. 22; 1855, Thes. Conch. vol. 2, p. 
411, ol. 153, fig. Ze. 

Venus neglecta Sow_ERBY, 1839, Zool. Beechey’s 
Voy. Blossom, p. 151, pl. 41, fig. 8. 

Chione undatella, VERRILL, 1870, Amer. Jour. Sci. 
and Arts, 2nd series, vol. 49, pp. 224-225. 

Chione (Chione) undatella, Dati, 1902, Proc. 
U.S. Nat. Mus., vol. 26, p. 392. 

Venus (Chione) succincta, GRANT and GALE, 
1931 (in part), Mem. San Diego Soc. Nat. 
Hist. vol. 1, p. 321, pl. 16, figs. 1-4. 


Lunule faintly sculptured with predomi- 
nantly concentric ribs; right and left middle 
cardinals with dorsal slopes much shorter 
than ventral slopes, producing a more 
pointed tooth than in C. (C.) californiensis. 

Dimensions.—Length 50 mm., height 48 
mm. (average mature shell). 

Hypotype.—L. S. J. U. no. 6958, locality 


unknown. 
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Distribution—Recent, Cedros Island, 
Lower California, to Panama. Pleistocene; 
San Pedro, California. Late Pliocene and 
early Pleistocene of the Gulf of California 
and the Galapagos Islands. 


CHIONE (C.) UNDATELLA subsp. 
SIMILLIMA (Sowerby) 
Plate 89, figure 15; plate 90, figures 15, 16 


Venus simillima SOWERBY, 1855, Thes. Conch. 
vol. 2, p. 708, pl. 153, fig. 17, not 18. 


Distinguished from C. (C.) undatella s.s. 
by right middle cardinal having its anterior 
side strongly curved so that width of tooth 
measured along the edge of the hinge plate 
is greater than length of tooth measured 
from edge of hinge plate to umbo; without 
surface color markings as in C. (C.) un- 
daiella s.s.; outline generally longer. 

Dimensions.—Length 58 mm., height 51 
mm. 

Hypotype-—No. 36079, loc. 1668, Mission 
Bay, California. 

Distribution.—Recent, San Pedro, Cali- 
fornia, to Cedros Island, Lower California. 
Pleistocene: Saugus formation of Santa 
Barbara County and of Tomales Bay, Cali- 
fornia. 


CHIONE (C.) UNDATELLA var. TABERI 
Parker, n. var. 
Plate 90, figures 2, 4, 9 


Distinguished by flatness of valves, and 
more evenly and widely spaced concentric 


PARKER 


ribs; hinge intermediate between C. (C.) ug. 
datella s.s. ard C. (C.) undatella simillimg, 

Dimensions of holotype-—Length 39 mm, 
height 35 mm., thickness (both valves) 49 
mm. 

Holotype.—No. 36080, loc. 2897, Gulf of 
California. Recent. 

Distribution.— Recent, Gulf of California, 


Subgenus GNIDIELLA Parker, n. subgenys 
Subgenotype: Venus gnidia Broderip 
and Sowerby 


Right and left anterior cardinals thin but 
large, rising from floor of hinge plate rather 
than from the margin of shell as in other sub. 
genera; right posterior cardinal wide and 
broadly grooved; left middle cardinal large 
and grooved; sculpture of both radial and 
concentric ribs. Hinge illustrated on PI. 89, 
fig. 12. 


Gnidiella: from gnidia, the specific name of the 
subgenotype. 


CHIONE (GNIDIELLA) AMATHUSIA (Philippi) 

Plate 89, figure 8; plate 91, figures 10, 12, 14 

Venus amathusia Puiiprt, 1844, Abbild. Beschr, 
Conchyl., vol. 1, Venus tab., p. 129, fig. 4. 


Chione amathusia, DALL, 1902, Proc. U. S. Nat. 
Mus., vol. 26, p. 394. 


Close to C. gnidia but distinguished by 
longer and straighter posterior margin; con- 
centric ribs thicker, not as high, and much 
closer together. 





EXPLANATION OF PLATE 91 


Fics. 1, 8, 11—Chione (Gnidiella) gnidia (Broderip and Sowerby) (X0.66). 1, 8, 11, hypotype no. 
36083; from loc. 2416. Recent, Panama. p. 583) 

2, 15—C. (G.) purpurissata Dall. 2, (X1.3), 15, (<1). Hypotype C.A.S. no. 7790, C. ANS, loc. 
27569. Recent, West Coast of Mexico, latitude 15° 40’ N. (p. 584) 
3, 4—C. (Chione) cancellata (Linnaeus) (0.85). 3, 4, 8, hypotype no. 36101; from loc. 6113. 
Recent, West Indies. (p. 580) 
5, 6—C. (C.) metadon Pilsbry and Lowe (X0.66). Hypotype C.A.S. no. 7788. Recent, West Coast 
of Mexico. (p. 581) 
7—C. (Gnidiella) temblorensts (Anderson) (1). Hypotype no. 36084, loc. 3890. ea Tem- 
blor formation of Kern River, California. p. 584) 

9, 13—C. (G.) pulicaria (Broderip) (X0.85). Hypotype C.A.S. no. 5986, C.A.S. loc. 28186. Re- 
cent, Kino Bay, Gulf of California. (p. 583) 
IO, €Z, Mt. (G.) amathusia (Philippi). 10, (X0.85) hypotype no. 36081; 12, (0.85) hypotype 
no. 36081; 14, (X1.3) hypotype no. 36082, all from loc. 2404. Recent, Gulf of a 

(p. 58 

16—C. (G.) richthofent Hertlein and Jordan (X0.85). After Hertlein and Jordan, Proc. C.A‘S., 
4th series, vol. 16, no. 19, plate 17, fig. 7. Holotype Stanford Univ. Paleo. Type Coll. no. 
5143, loc. L.S.J.U. no. 66. Lower Miocene, Isidro formation. San Ignacio, Lower Ta 
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92 
Dimensions of hypotype-——No. 36081, series) of San Pedro, California, and inter- 
length 42 mm., height 36 mm., thickness mediate localities to San Ignacio Lagoon, 
(both valves) 29 mm. Lower California. 
Hypotypes.—Nos. 36081, 36082, loc. 2404, 
Gulf of California, Recent. CHIONE (GNIDIELLA) PULICARIA (Broderip) 
Distribution.—Recent, Gulf of California Plate 91, figures 9, 13; plate 93, figure 7 
to Panama. Venus pulicaria BRoDERIP, 1835, Proc. Zool. Soc. 
London, p. 44. 
CHIONE (GNIDIELLA) GNIDIA Venus cingulata SowERBY, 1855, Thes. Conch. 
(Broderip and Sowerby) vol. 2, Venus 78, fig. 191; not LAMARCK, 1818, 
Plate 89, figure 12; plate 91, figures 1, 8, 11 ~~ 1902, Proc. U. S. Nat. Mus. vol. 26, 
Venus gnidia BRODERIP and SowerBy, 1829, Chione (Chione) pulicaria, Dati, 1902, Proc. U. 
. Zool. Jour. vol. 4, p. 364; Sowerby, 1834, Thes. S. Nat. Mus. vol. 26, p. 393. 
\ Conch. vol. 2, pl. 154, fig. 25. , . : a 
») Chione gnidia, STEARNS, 1894, Proc. U.S. Nat. | Right middle cardinal very thin; in left 
/ Mus. vol. 17, p. 153. valve middle cardinal with anterior side of 
7 Venus (Chtone) gnidia, GRANT and Gate, 1931, groove higher than posterior, a condition 





Mem. San Diego Soc. Hist. vol. 1, p. 318, pl. 
16, fig. 5. 


Hinge typical of subgenus. 

Dimensions of hypotype—No. 36083, 
length 79 mm., height 69 mm., thickness 
(both valves) 46 mm., maximum length 105 
mm., height 100 mm. 

Hypotype-—No. 36083, loc. 2416, Pan- 
ama. Recent. 

Distribution—Recent, Cedros Island, 
Lower California, to Peru; Pleistocene, 
Palos Verdes sands |(upper San Pedro 


not found in most other members of the 
genus; concentric ribs recurve umbonally on 
anterior third of shell, flattened in middle 
third, and flared ventrally on posterior 
third; pallial sinus very deep for Chione. 

Dimensions of hypotype-—Length 55 mm., 
height 45 mm. 

Hypotype—C. A. S. Paleo. Type Coll. no. 
5986, loc. C. A. S. 28186, Kino Bay, Gulf of 
California. Recent. 

Distribution Recent, Gulf of California 
to Colombia. 





EXPLANATION OF PLATE 92 


Fics. 1-4—Chione (Anomalocardia) tumens Verrill. 1,2, (1.1); 3, 4, (X1). Hypotype C.A.S. no. 7789. 
C.A.S. loc. 31198. Recent, San Marcos Island, Gulf of California. (p. 587) 
5—C. (A.) subimbricata (Sowerby) (X1). Hypotype no. 36088, loc. 5049. Recent, Salinas, 
Ecuador. (p. 587) 
6, 11—C. (A.) latilaminosa Anderson and Martin (X2). Hypotype no. 33063, loc. 2713. Miocene, 
Temblor formation of Kern River, California. (p. 586) 
7,9, 10, 16—C. (A.) mariae (d’Orbigny) (X1). 7, 16, hypotype C.A.S. no. 7352; 9, 10, hypotype 
no. 7353, both from loc. 27569. Recent, West Coast of Mexico, latitude 15°40’ N. (p. 586) 
8—C. (Anomalocardia) kellettit (Hinds) (1.4). Hypotype C.A.S. no. 7787, C.A.S. loc. 27580. 
Recent, West Coast of Mexico, $ mile east of Isabel Island. (p. 586) 
12, 13, 15, 19, 22—Securella clallamensis (Reagan). 12, (1), hypotype C.A.S. no. 5984a; 13, 
(X0.7), hypotype C.A.S. no. 5984c; 15, (1), hypotype C.A.S. no. 5984b, all from C.A.S. 
loc. 39, Miocene, Astoria formation, Newport, Oregon; 19, (1), hypotype C.A.S. no. 5921, 
C.A.S. loc. 585, Miocene, Clallam formation, 4 miles southeast of east Clallam, Va seb 
ton. p- 
14—Chione (Anomalocardia) hannai Bramkamp (X1.7). Holotype no. 36087, loc. A 1407. 
Miocene. Imperial formation of Imperial Valley, California. (p. 585) 
17, 21, 23—C. (Gnidiella) semiplicata Nomland (X0.6). 17, 23, holotype no. 11318, loc. 2283; 21, 
paratype no. 12071, loc. 2276. Miocene, Santa Margarita formation north of Coalinga, 
California. (p. 584) 
18—C. (G.) aff. richthofent Hertlein and Jordan (X1). After Loel and Corey, Univ. Calif. Publ., 
Bull. Dept. Geol. Sci,. vol. 22, pl. 42, fig. 4. Hypotype no. 31806, loc. A599. Lower Miocene, 
Purisima Nueva, Lower California. (p. 584) 
20—C. (Anomalocardia) subrugosa (Sowerby) (X1.4). Hypotype no. 36089, loc. 2404. Recent, 
Gulf of California. (p. 587) 
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CHIONE (GNIDIELLA) PURPURISSATA Dall 
Plate 91, figures 2, 15; plate 93, figure 13 
Venus crenulata var. REEVE, 1864, Conch. Icon. 

vol. 14, fig. 46. 

Chione purpurissata DALL, 1902, Proc. U.S. Nat. 

Mus. vol. 26, p. 393. 

Chione montezuma LowE, 1931, Proc. Acad. Nat. 

Sci., Phila., vol. 84, p. 101. 

Very close to C. (G.) pulicaria; hinge 
identical, but outline more rounded; con- 
centric ridges very fine and close together. 

Dimensions —(Maximum) length 65 mm., 
height 57 mm. 

Hypotype.—C. A. S. Paleo. Type Coll. no. 
7790, loc. C. A. S. 27569, West Coast of 
Mexico, latitude 15°40’ N. Recent. 

Distribution.—Recent, Gulf of California. 


CHIONE (GNIDIELLA) RICHTHOFENI 
Hertlein and Jordan 
Plate 91, figure 16 
Chione richthofent HERTLEIN and JORDAN, 1927, 

Proc. Calif. Acad. Sci., 4th series, vol. 16, p. 

619, pl. 17, figs. 4, 7, 8. 

The additional ridges on nymph plate 
referred to in original description are 
remnants of the ligament; hinge similar to 
that of C. gnidia; radial ribbing finer and 
concentric ribs more numerous. 

Dimensions of holotype-—Length 50 mm., 
height 47 mm., thickness (both valves) 31.5 
mm. 

Holotype-—L. S. J. U. Type Coll. no. 
5143, loc. L. S. J. U. no. 66, San Ignacio, 
Lower California. Isidio formation, lower 
Miocene. 

Paratype-—C. A. S. Paleo. Type Coll. no. 
2657, 2658, from same locality. 

Distribution.—Lower Miocene, Isidro 
formation of San Ignacio area, Lower Cali- 
fornia. 


CHIONE (GNIDIELLA) aff. RICHTHOFENI 
Hertlein and Jordan 
Plate 92, figure 18 
Chione aft. richthofent (HERTLEIN and JORDAN), 

n. sp. Loe, and Corey, 1932, Univ. Calif. 

Publ., Bull. Dept. Geol. Sci., vol. 22, p. 224, 

pl. 42, fig. 4. 

The type, the only available specimen, is 
too poorly preserved to permit any detailed 
comparisons. 

Dimensions of hypotype.—Length 26 mm., 
height 21 mm. 


PIERRE PARKER 


Hypotype.—No. 31806, loc. A 599a, Mio. 
cene, Purisima Nueva, Lower California, 

Distribution.—Miocene, Vaqueros forma. 
tion of the San Joaquin Hills, the Channe| 
Islands of California and Miocene of 
Purisima Nueva, Lower California. 


CHIONE (GNIDIELLA) SEMIPLICATA 
Nomland 

Plate 92, figures 17, 21, 23; plate 93, figure 5 

Chione semiplicata NOMLAND, 1917, Univ. Calif. 
Publ. Bull. Dept. Geol. Sci., vol. 10, pp. 305- 
306, pl. 15, figs. 2a, 2b, 2c. 

Chione vickeryi WIEDEY, 1929, Jour. Paleontol- 
ogy, vol. 3, p. 286, pl. 32, fig. 4. 

Venus (Chione) securts SHUMARD var. semtplicata, 
Grant and Gace, 1931, Mem. San Diego Soc, 
Nat. Hist., vol. 1, p. 321. 

Chione schenckt LoEL and Corey, 1932, Univ, 
Calif. Publ., Bull. Dept. Geol. Sci., vol. 22, p, 
224, pl. 42, fiz. 5. 

Closely resembling C. temblorensis except 
for absence of any depression on posterior 
part of shell, resulting in a more rounded 
outline. 

Chione vickeryi is presumably a deformed 
specimen of C. semiplicata. It is reported 
from the upper Miocene of Alum Rock 
Canyon, east of San Jose, California. The 
type of C. schencki actually bears the same 
locality number and has the same matrix as 
Wiedey’s type, but does not have the matrix 
of locality A 606 from which it was reported 
by Loel and Corey. It is obviously not a 
Vaqueros species. 

Dimensions of holotype-—Length 80 mm., 
height 70 mm. 

Holotype-—C. semiplicata Nomland, no. 
11318, loc. 2283, nine miles N.E. of Coal- 
inga; C. vickeryi Wiedey, L. S. J. U. no. 518; 
of C. schencki Loel and Corey, L. S. J. U. 
no. 616. The last two specimens are from 
L. S. J. U. loc. C-202, Alum Rock Falls, 
San Jose, California. 

Paratype.—C. semiplicata Nomland, no 
12071, loc. 2276. 

Distribution—Miocene, Santa Margarita 
formation. 


CHIONE (GNIDIELLA) TEMBLORENSIS 
(Anderson) 
Plate 91, figure 7; plate 93, figure 9 
Venus (Chione) temblorensis ANDERSON, 1905, 
Proc. Cal. Acad. Sci., 3rd series, vol. 2, p. 196, 
pl. 14, figs. 36-38; ARNOLD, 1907; Proc: U. S. 
Nat. Mus., vol. 32, p. 542, pl. 43, fig. 1, 1-a; 
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ARNOLD, 1907, U.S. Geol. Surv. Bull. 309; pl. 

30, figs. 1, l-a. — 

Chione temblorensis, ARNOLD, 1909, U.S. Geol. 
Surv. Folio 163, pl. 2, fig. 39; ARNOLD, 1910, 
U.S. Geol. Surv. Bull. 396, p. 122, pl. 8, 
fig. 7; ARNOLD and ANDERSON, 1910, U.S. 
Geol. Surv. Bull. 398, pl. 30, fig. 7; Mc- 
LAUGHLIN and WarinG, 1915, California 
State Min. Bur. Bull. 69, map folio, fig. 
29; Clark, 1929, Strat. Faunal Hor. Coast 
Ranges of Calif., pl. 25, figs. 1-4; LoEL and 
Corey, 1932, Univ. Calif. Publ. Dept. Geol. 
Sci., vol. 22, p. 225, pl. 42, fig. 2, SCHENCK and 
KEEN, 1940, Calif. Foss., pl. 39, figs. 1, 2. 

Chione temblorensis subtemblorensis LoEL and 
CorEY, 1932, Univ. Calif. Publ., Bull. Dept. 
Geol. Sci., vol. 22, p. 225. 

This species is very close to C. gnidia: 
right posterior cardinal more deeply grooved 
and curve in hinge plate more pronounced; 
concentric ribs tend to crowd toward margin 
almost obliterating radial ribbing; most 
prominent difference a depression or sulcus 
along posterior side giving a rostrate outline 
to shell. Loel and Corey have proposed the 
varietal name subtemblorensts for individuals 
not having the sulcus. 

Dimensions.—(Maximum) length 66 mm., 
height 58 mm. 

Hypotype.—No. 36084, loc. 3890, Temblor 
formation of Kern River, California. Mio- 
cene. (One mile east of Barker’s Ranch.) 

Distribution—Miocene. Vaqueros-Tem- 
blor transition zone and Temblor formation 


of southern California. 


Subgenus ANOMALOCARDIA Schumacher, 
1817, emended 
Anomalocardia SCHUMACHER, 1817, Essai Meth., 


p. 134, pl. 20, fig. 4. 
Cryptogramma Morcu, 1853, Cat. Conch. Youn, 
22 


Anomalocardia DALL, 1902, Proc. U.S. Nat. Mus. 

vol. 26, p. 359. 

Subgenotype: Venus flexuosa Linnaeus. 

Teeth smooth except for slight grooves on 
almost vertical slope toward the beak; hinge 
very close to subgenus Chione s.s.; somé- 
times a slight roughening of very narrow 
nymph plate; radial ribbing may be present 
but concentric ribs always predominate; 
concentric ribs very heavy and strongly re- 
curving, or else surface plications or even 
folds; posterior dorsal margin usually al- 
most straight. The hinge of Chione 
(Anomalocardia) subrugosa (Sowerby) (PI. 
89, fig. 10 is characteristic of Pacific Coast 
members of the subgenus. 


CHIONE (ANOMALOCARDIA) FERNANDOENSIS 
English 
Plate 95, figures 7, 8, 13, 14, 16, 18 
Chione fernandoensis ENGLISH, 1914, Univ. Calif. 

Publ., Bull. Dept. Geol. Sci., vol. 8, p. 215, 

pl. 23, figs. 9, 10; CLARK, 1929, Strat. Faunal 

Hor. Coast Ranges of Calif., pl. 42, figs. 5, 6. 

Venus (Chione) securts SHUMARD var. fernan- 

doensis, GRANT and GALE, 1931, Mem. San 

ng Soc. Nat. Hist. vol. 1, p. 321, pl. 17, figs. 

Closely resembling C. (Anomalocardia) 
mariae; hinge same except for slightly wider 
angles between teeth and longer anterior 
cardinals; pallial sinus same; posterior dorsal 
slope and anterior end more rounded; con- 
centric ribs thinner, similar to first few of C. 
(A.) mariae and, as in that species, under- 
lying radial ribbing does not appear on sur- 
face except where weathered. 

Although the hinge is not exposed on the 
types of C. (A.) fernandoensis from the 
lower Pliocene, the external form corre- 
sponds exactly to specimens from the lower 
Pleistocene, Saugus formation, whose hinges 
were observed. 

Dimensions of holotype.—Length 21 mm., 
height 18 mm., thickness (both valves) 11 
mm. , 

Holotype.—No. 11920, loc. 1735, Elsmere 
Canyon, California. Fernando formation. 

Paratype-—No. 11921, from same local- 
ity. 
Hypotypes.—San Diego Soc. Nat. Hist. 
no. 159, loc. 209, lower Pliocene of Elsmere 
Canyon; nos. 36085, 36086, loc. 7095, bluff 
on east side of Santa Paula Canyon, 13 
miles north of Santa Paula, Ventura County 
California, Pleistocene. 

Distribution—Lower Pliocene, lower 
Fernando formation of Los Angeles County, 
California. Middle Pliocene, Pico formation 
of the Transverse Ranges of southern Cali- 
fornia. Lower Pleistocene, Saugus formation 
of Ventura County, California. 


CHIONE (ANOMALOCARDIA) HANNAI 
Bramkamp MS. 
Plate 92, figure 14 


Chione (Lirophora) hannat BRAMKAMP, 1935, 
Strat. and Moll. Fauna of the Imperial forma- 
tion of the San Gorgonio Pass, California. MS. 
deposited in the Univ. Calif. Library. 

Original description.—Shell small, subtrigonal, 
rounded anteriorly, but very faintly truncate 
posteriorly. Beaks rather high subacute, anterior 
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to the middle of the shell. Lunule relatively large, 
defined by a deeply incised line, slightly if at all 
impressed. Sculpture consisting of 8-10 (shell 
height about 10 mm.) heavy, swollen, concentric 
lamellae which are more or less irregular in size, 
stopping suddenly anteriorly just before reaching 
the edge of the lunule, and becoming obsolete on 
the posterior area, and fading out entirely on the 
escutcheon. Radial sculpture lacking except for 
faint grooving of the basal part of the marginal 
lamellae of one specimen. Occasionally subsidiary 
concentric lamellae may be intercalated between 
major ones. Posterior area large, about one-fourth 
the area of the shell, sharply differentiated by the 
change in sculpture. Escutcheon defined by a 
moderately sharp ridge, smooth except for in- 
cremental lines. Hinge of right valve with ante- 
rior cardinal (3a) very long and slender, middle 
cardinal (1) slightly oblique to it, heavy, faintly 
grooved on dorsal surface, and posterior cardi- 
nal (3b) moderately heavy, also grooved. Hinge 
of left valve with subequal anterior pair of cardi- 
nals (3a and 2b), the former being curved forward 
at the base, and the posterior cardinal (4b) fused 
with the nymph plate, and somewhat roughened. 
Inner margins finely crenulate. 


It is readily distinguished from any other 
West Coast species by its sculpture. Hinge 
similar to that of C. (A.) subrugosa. 

Dimensions of holotvyte—Length 10 mm., 
height 8 mm. 

Holotype.—No. 36087, loc. A 1407 (middle 
of eastern edge of NW. } of SW. }, sec. 36, 
T. 2S., R. 3 E., San Jacinto Quad., Cali- 
fornia), lower Pliocene, Imperial formation. 

Distribution Lower Pliocene, Imperial 
formation of Imperial Valley, California. 


CHIONE (ANOMALOCARDIA) KEI LETTII 
(Hinds) 
Plate 97, figure 8; plate 93, figures 1, 2 
Venus kellettit Hinps, 1844, Voyage of the 
Sulphur, Mollusca, p. 65, pl. 19, fig. 5; 
SoweErRBy, 1855, Thes. Conch. vol. 2, p. 721, 
pl. 155, fig. 64. 
Chione (Lirophora) kellettit, DALL, 1902, Proc. 
U.S. Nat. Mus. vol. 26, p. 394. 


Hinge and outline same as C. (A.) sub- 
rugosa; ornamentation on very early part 
of shell of thick, smooth, flaring concentric 
ribs; later they become wide and flattened 
on central portion of shell and flare only at 
extreme margins. 

Dimensions of hypotype.—(C. A. S. Paleo. 
Type Coll. no. 7787), length 65 mm., height 
52 mm. 

Hypotype.—C. A. S. Paleo. Type Coll. no. 
7787A-B, C. A. S. loc. 27580, one-half mile 
east of Isabel Island, West Coast of Mexico. 


PIERRE PARKER 


Distribution.—Recent, Cedros Island, 
Lower California, to Panama. 
CHIONE (ANOMALOCARDIA) LATILAMINOSA 
Anderson and Martin 
Plate 92, figures 6, 11 
Chione (Lorophora) latilaminosa ANDERSON and 

MakrtTIN, 1914, Proc. Cal. Acad. Sci., ser, 4, 

vol. 4, p. 59, pl. 1, figs. 2a, 2b, 2c; CLARK, 1929, 

Strat. Faunal Hor. Coast Ranges Calif., pl. 42, 

figs. 5, 6. 

May be distinguished from C. (A,) 
mariae by more rounded outline and 
greatly recurving concentric ribs; hinge 
similar to that of C. (A.) subrugosa. 

Dimensions of hypotype—No. 
length 19 mm., height 16 mm. 

Holotype.—C. A. S. Paleo. Type Coll. no, 
118, loc. 65 (west bank of small canyon 1} 
miles northeast of Barker’s ranch house, 
Kern County, California), Temblor forma- 
tion, Miocene. 

Paratypes—C. A. S. Paleo. Type Coll. 
nos. 119, 120, from same locality. 

Hypotype.—No. 33063, loc. 2713, Temblor 
formation, Kern River, California. 

Distribution.—Miocene, Temblor forma- 
tion of the Kern River area, California. 


33063, 


CHIONE (ANOMALOCARDIA) MARIAE 
(d’Orbigny) 
Plate 92, figures 7, 9, 10, 16 

Venus mariae D’ORBIGNY, 1846, Voy. Amer. 
Merid., Mollusca, p. 563. 

Venus cypria SOwERBY, 1853, Thes. Conch., vol. 
2, p. 722, pl. 157, fig. 113. 

Chione (Liprohora) mariae, DALL, 1902, Proc. 
U.S. Nat. Mus. vol. 26, p. 395. 

Venus (Chtone) mariae, GRANT and GALE, 1931, 
Mem. San Diego Soc. Nat. Hist., vol. 1, p. 324. 


The hinge is so small that it shows up 
poorly in the illustration, but it is es- 
sentially like that of C. (A.) subrugosa, as 
are also those of C. (A.) hannai and C. (A.) 
latilaminosa. 

Dimensions of hypotype.—(C. A. S. Paleo. 
Type Coll. no. 7352), length 32 mm., height 
25 mm. 

Hypotypes—C. A. S. Paleo. Type Coll. 
nos. 7352, 7353, 7353a, C. A. S. loc. 27569 
(latitude 15°40’ N., West Coast of Mexico), 
Recent. 

Distribution.—Recent, Gulf of California 
to Ecuador. Pleistocene, Magdalena Bay, 
Lower California. , 
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CHIONE (ANOMALOCARDIA) SUBIMBRICATA 
(Sowerby) 
Plate 92, figure 5 
Venus subimbricata SOWERBY (in part), 1835, 
Proc. Zool. Soc. London, p. 21; 1855, Thes. 
Conch. vol. 2, figs. 35-37. 
Anomalocardia subimbricata, DALL, 1902, Proc. 
U. S. Nat. Mus., vol. 26, p. 396. 


Sculpture of flat, imbricating concentric 
ribs with superimposed radial ribs; radial 
ribs increase in number at an early stage by 
intercalation and splitting. In C. (A.) 
tumens this tendency starts at much later 
stage. 

Dimensions of hypotype—No. 36088, 
length 41 mm., height 37 mm. 

Hypotype.—No. 36088, loc. 5049, Salinas, 
Ecuador. Recent. 

Distribution.—Recent, Gulf of California 
to Ecuador. 


CHIONE (ANOMALOCARDIA) SUBRUGOSA 
(Sowerby) 
Plate 89, figure 10; plate 92, figure 20; 
plate 93, figure 4; plate 94, figure 15 
Venus subrugosa SOWERBY, 1834, Genera of 
Shells, Venus, fig. 2; 1855, Thes. Conch. vol. 2, 
p. 721, pl. 155, fig. 63. 

Anomalocardia subrugosa, DALL, 1902, Proc. U. 
S. Nat. Mus., vol. 26, p. 396. 


The sulcus close to posterior margin dis- 
tinguishes this species from all others of this 
subgenus; the concentric folds tend to 
coalesce on some specimens. 

Dimensions of hypotype—No. 36089, 
length 43 mm., height 33 mm. 

Hypotype-—No. 36089, loc. 2404, Gulf of 
California. Recent. 

Distribution.—Recent, Gulf of California 
to Peru. 


CHIONE (ANOMALOCARDIA) TUMENS Verrill 
Plate 92, figures 1-4 

Venus subimbricata SOWERBY (in part), 1835, 
Proc. Zool. Soc. London, p. 21; 1855, Thes. 
Conch. vol. 2, p. 711, pl. 154, fig. 38. 

Chione tumens VERRILL, 1870, Amer. Jour. Sci. 
and Arts, vol. 49, p. 222. 

Anomalocardia subimbricata, Dati, 1902 (in 
part), Proc. U. S. Nat. Mus. vol. 26, p. 396. 


Closely related to C. (A.) subimbricata; 
hinge is same but body outline rounder; 
shell consists of broad concentric “‘ridges’”’ 
each becoming larger than the preceding 
one; the last two “‘ridges’’ together equal 


about half total shell; ‘“‘ridges”’ readily noted 
on inside of shell. 

Dimensions.—(Maximum) length 40 mm., 
height 35 mm. 

Hypotype-—C. A. S. Paleo. Type Coll. no. 
7789, loc. C. A. S. no. 31197 (San Marcos 
Island, Gulf of California), Recent. 

Distribution.—Recent, Gulf of California 
to Panama. 


Genus SECURELLA Parker, new genus 


Genotype-——Venus securis Shumard (PI. 
94, figs. 8, 12, 19; pl. 95, fig. 6). 

Ligament deeply sunken in shell, wedging 
out between hinge plates; right, middle and 
posterior cardinals slightly grooved; left 
middle cardinal deeply grooved so that 
posterior portion of tooth larger and higher 
than anterior; sculpture of evenly spaced 
thin concentric ridges arising from a layer of 
concentrically disposed shelly material; this 
layer underlain by distinct radial ribs not 
visible on surface; this condition of ex- 
clusively concentric ribs usually modified by 
erosion of shell, so that the common worn 
and leached specimens exhibit ornamenta- 
tion with varying degrees of prominence 
and numbers of radial and concentric ribs; 
lunule deeply impressed, it is never re- 
moved, but escutcheon is often obliterated 
at an early stage by erosion. For hinge 
characters, see also S. ensifera (Dall) (PI. 
89, fig. 4). 

Securella: from securts, the specific name of the 
genotype. 


SECURELLA ALASKENSIS (Clark) 
Plate 95, figure 1 


Chione securis subsp. alaskensis CLARK, 1932, 
Geol. Soc. America, Bull.; vol. 43, p. 815, pl. 
18, figs. 2, 3. 

Chione sp. DuRHAM, 1944, Univ. Calif. Publ., 
Bull. Dept. Geol. Sci., vol. 27, p. 146. 


This form was described by Clark as a 
subspecies of S. securis, however, it differs 
from that species in the more pouting lunule 
and in having finer and more numerous 
radial ribs. Unfortunately there are no 
specimens available for an examination of 
the hinge. 

Dimensions of holotype-—Length 35 mm., 
height 31 mm., thickness (both valves) 17 
mm. 


Holotype—No. 30406 (loc. 3868, Poul 
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Creek formation, Alaska); hypotype no. 
35204 (loc. A 3692, basal Clallam formation, 
Washington). 

Distribution —Basal Clallam formation 
(Miocene) of Washington and Poul Creek 
formation, Alaska (although determined 
as upper Oligocene by Clark, the fauna at 
the type locality of this species appears to 
have more Miocene than Oligocene affin- 
ities). 


SECURELLA BISCULPTA (Dall) 
Plate 94, figures 6, 17 
Chione bisculpta DAL, 1909, U. S. Geol. Surv. 

Prof. Pap. 59, p. 121, pl. 11, figs. 10, 12; Howe, 

1922, Univ. Calif. Publ., Bull. Dept. Geol. Sci., 

vol. 14, no. 3, check list; WEAVER, 1943, Univ. 

Wash. Publ. Geol., vol. 5, pp. 168-169, pl. 40, 

figs. 2, 3. 

Figures of the type indicate considerable 
weathering, so that little can be determined 
concerning its systematic relationships. A 
specimen in the California Academy of 
Sciences collections is too poorly preserved 
to be of use for comparison. 

Dimensions of holotype-—Length 45 mm., 
height 42 mm. 

Holotype-——U. S. Nat. Mus. no. 153941, 
Empire formation, Coos Bay, Oregon. 
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Distribution.—Pliocene, 
tion of Coos Bay, Oregon. 


Empire forma. 


SECURELLA CARMANAHENSIS (Clark) 
Plate 95, figures 20, 21 

Chione carmanahensts CLARK, 1925, Univ. Calif, 
Publ., Bull. Dept. Geol. Sci., vol. 15, no. 4, 
p. 93, pl. 18, figs. 1-4; WEAVER, 1943, Univ. 
Wash. Publ. Geol., vol, 5, p. 167, pl. 39, ‘figs, 4, 
9,10; DuRHAM, 1944, Univ. Calif. Publ., Bull. 
Dept. Geol. Sci. , vol. 27, p. 146. 


The specimens are too poorly preserved to 
permit detailed comparisons with other 
forms. Better material may prove it to bea 
synonym of S. clallamensts. 

Dimensions of holotype—Length 35 mm., 
height 31 mm. 

Holotype-——C. A. S. Invert. Paleo. Coll. 
no. 683, C. A. S. loc. 234 (seacliff along 
beach one mile west of Carmanah Point, 
Vancouver Island, British Columbia), up- 
per Oligocene. 


Paratype—No. 684 C. A. S. Invert. 
Paleo. Coll., from same locality. 
Distribution—Upper Oligocene, Sooke 


formation of Vancouver Island, British 
Columbia, and upper Twin Rivers forma- 
tion of Washington. 





EXPLANATION OF PLATE 93 
Fics. 1, 2—Chtone (Anomalocardia) kelletttti (Hinds). 1, (X1.33), hypotype C.A.S. no. 7787A; 2, 
(X0.9), hypotype C.A.S. no. 7787B, both from loc. 27580. Recent, West Coast of Mexico, 


$ mile east of Isabel Island. 


(p. 586) 


3, 10, 12—Securella enstfera (Dall) (X1.3). 3, hypotype C.A.S. no. 5978, C.A.S. loc. 913. Mio- 
cene, ten miles southeast of Montesano, Washington, 10, hypotype no. 36097; 12, hypo- 
type no. 36096, both from loc. A 340. Miocene, Astoria formation, southwestern Washing. 


ton. Fig. 12 after Etherington, 1931. 


p. 590) 


4—Chione (Anomalocardia) subrugosa (Sowerby) (X 1.3). Hypotype no. 36089, loc. 2404. ate 


Gulf of California. 


(p. 587) 


5—C. (Gnidiella) semiplicata Nomland (X0.66). Holotype no. 11318, loc. 2283. Miocene, Santa 


Margarita formation, north of Coalinga, California. 


(p. 584) 


6—Protothaca fluctifraga (Sowerby) (X1.3). Hypotype no. 36102, loc. 1657. Recent, Mission 


Bay, California. 


7—Chione (Gnidiella) pulicarta (Broderip) (1.3). Hypotype C.A.S 


Recent, Kino Bay, Gulf of California. 


(p. 593) 
. no. 5986, C.A.S. ~ 8186. 
p. 583) 


8, 17—Securella cryptolineata (Clark). 8, (X1.3), hypotype no. 36095; 17, (0.85), oe 
no. 36094, both from loc. 1131. Oligocene, San Ramon formation, Walnut Creek, California. 


(p. 589) 


9—Chione (Gnidiella) temblorensis (Anderson) (X1). Hypotype no. 36084, loc. 3890. Miocene, 


Temblor formation of Kern River, California. 


(p. 584) 


11, 15—Securella juanensts (Loel and Corey) (0.66). Holotype no. 31803, loc. A 505. Miocene, 


Temblor formation, California. 


(p. 591) 


13—Chione (Gnidiella) purpurissata Dall (X1). Hypotype C.A.S. no. 7790, C.A.S. loc. 27569. 


Recent, West Coast of Mexico, latitude 15° 40’ N. 
14, 16—Securella elsmerensis (English) (X0.66). 14, lectotype SDSNH no. 151; 


(p. 584) 
16, hypotype 


SDSNH no. 152, both from SDSNH loc. 202, lower Pliocene of Elsmere Canyon, Los Ange- 


les County, California (after Grant and Gale, 1931). 


(p. 590) 
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SECURELLA CLALLAMENSIS (Reagan) 
Plate 92, figures 12, 13, 15, 19, 22 
Venus (Chione?) clallamensis REAGAN, 1909, 
Kansas Acad. Sci. Trans., vol. 22, p. 183, pl. 1, 

fig. 13. 
rl (Chione?) securts SHUMARD var. enstfera 
DALL, GRANT and GALE (in part), 1931, Mem. 
San Diego Soc. Nat. Hist., vol. 1, p. 320. 
Chione clallamensis, DuRHaAM, 1944, Univ. Calif. 
Publ., Bull. Dept. Geol. Sci., vol. 27, p. 146. 


Very close to S. cryptolineata, may be dis- 
tinguished by the following means: the 
lunule tending to turn outward at contact 
of margins: right anterior cardinal more 
separated from margins, ventral end of right 
middle cardinal curves anteriorly, resulting 
in a very narrow groove for left anterior 
cardinal. These differences are admittedly 
small and are variable in development; the 
most apparent difference lies in the some- 
what thinner and less inflated shell of S. 
clallamensis ; to be separated from S. securis 
by right anterior cardinal partially con- 
nected to margin of shell while in that 
species it is well separated and curved. 

Dimensions of hypotype—C. A. S. no. 
5984c, length 45 mm., height 40 mm. 

Hypotypes—C. A. S. Paleo Type Coll. no. 
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5921 (C. A. S. loc. 585, Clallam formation, 4 
miles southeast of East Clallam, Washing- 
ton), 5984, 5984a, 5984b, 5984c, from 
C. A. S. loc. 39, Astoria formation, Newport, 
Oregon. Whereabouts of Reagan’s type un- 
known, apparently not in Kansas Academy 
of Science collections. 

Distribution—Middle Miocene, Clallam 
formation of Washington, and Astoria 
formation of Oregon. 


SECURELLA CRYPTOLINEATA (Clark) 
Plate 93, figures 8, 17; plate 94, figures 2, 5 
10, 11, 13, 21; plate 95, figure 10 


Chione cryptolineata CLARK, 1918, Univ. Calif. 
Publ., Bull. Dept. Geol. Sci., vol. 11, p. 149, pl. 
5, figs. 1-4; SCHENCK and KEEN, 1940, Calif. 
Foss., pl. 3, fig. 

4 4 lineolata Cian, tbid., p. 150, pl. 6, figs. 1, 


Chione mediostriata CLARK, tbid., p. 150, pl. 5, 
figs. 5, 6; pl. 6, figs. 3, 4. 

Chtone medtastriata, CLARK, 1929, Strat. Faunal 
Hor. Coast Ranges Calif., pl. 16, fig. 7; pl. 17, 
figs. 1, 2. 

?Chtone cf. cryptolineata, CLARK, 1932, Bull. 
G.S.A., vol. 43, pp. 815-816. 


Some twenty topotype specimens repre- 
senting Clark’s species were prepared and 





EXPLANATION OF PLATE 94 


Fic. 1—Protothaca fluctifraga (Sowerby) (X0.3). Hy potype Stanford Univ. Paleo. Type Coll. no. 6957, 
Recent, Almejos Bay, Lower California. A variety with a flatter and smoother shell. 


(p. 
2—Securella cryptolineata (Clark) (X0.5). Holotype (of Chione mediostriata Clark) no. 11181, 
loc. 1131. Oligocene, San Ramon formation, Walnut Creek, California. 


593) 
(p. 589) 


3, 7—Securella panzana (Anderson and Martin). 3, (X0.66), hypotype Stanford Univ. Paleo. 
Type Coll. no. 6954; 7, (0.5), hypotype Stanford Univ. Paleo. Type Coll. no. 6955. Mio- 


cene, Freeman silt, Bakersfield quadrangle, California. (p. 


592) 


4, 18, 20—S. enstfera (Dall) (X0.66). 4, hypotype C.A.S. no. 5976, C.A.S. loc. 913. pines. 
ten miles southeast of Montesano, Washington. 18, hypotype no. 31960, loc. 9008. Miocene, 
Astoria formation, Washington; 20, hypotype no. 31959, loc. 9015. Miocene, Astoria forma- 


tion, Washington. /8 and 20 after Etherington, 2931. (p. 590) 

5, 10—S. cryptolineata (Clark). 5, (0.8); 10, (0.5), holotype (of Chione cryptolineata) no. 11178 
loc. 1131. Oligocene, San Ramon formation, Walnut Creek, California. (p. 589) 

6, — bisculpla (Dall) (X0.66). After Dall, U.S.G.S. Prof. Paper 59, pl. 11, figs. 10-11. 4d 
type U. S. Nat. Mus. no. 153941. Miocene, Coos Bay, Oregon. (p. 588) 

8, 12, 19—S. securis (Shumard). 8, 19 (X0.45), hypotype no. 31961. Pliocene, Wildcat formation, 
Humboldt County, California; 12, (X0.66), hypotype no. 36099, loc. 3321. Pliocene, Empire 


formation, Coos Bay, Oregon. . 593) 
9—S. elsmerensis (English) (X0.66). Holotype (after English, 1914) from loc. 1735. Pliocene, 
lower Fernando formation, Elsmere Canyon, Los Angeles County, California. (Specimen 
since lost.) (p. 590) 
11, 13, 21—S. rt ggg’ (Clark). 11, (X0.66), hypotype no. 36091; 13, (0.5), abn 
no. 36093; 21, (X0.5), hypotype no. 36090, all from same loc. as fig. 5. (p. 589) 


14, 16—Protothaca columbiensis (Sowerby). 14, (X1. 33), hypotype no. 36103; 16, (X0.66), hypo- 
type no. 36104, both from loc. 3092. Recent, Mazatlan, Mexico. (p. 593) 
15—Chione (Anomalocardia) subrugosa (Sowerby) (X0.9). Hypotype no. 36089, loc. 2404. beg 
Gulf of California. (p. 587) 
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examined. All three “‘species’’ were found in 
association, and the differences noted were 
found to be due to various degrees of 
weathering plus individual variation. 

Within the genus, S. cryptolineata has, in 
proportion to its size, by far the heaviest 
hinge plate and shell. It shows strong 
affinities with S. clallamensis, and may be 
a variant of the latter adapted to a different 
environment, presumably characterized by 
coarser sediment and rougher water. 

Dimensions of hypotype—No. 36090, 
length 65 mm., height 55 mm., thickness 
(one valve) 21 mm. 

Holotype-—No. 11178 (C. cryptolineata); 
11123 (C. lineolata); 11181 (C. medio- 
striata). 

Paratypes.—Nos. 11179, 11180 (C. crypto- 
lineata) ; 11126 (C. lineolata); 11124, 11125, 
11182 C. mediostriata). 

Hypotypes.—Nos. 36090, 36091, 36092, 
30693, 36094, 36095. All types from loc. 1131 
(3 mile southwest of Walnut Creek, Contra 
Costa County, California; in creek bed 
about 100 yards east of railroad bridge), 
San Ramon formation, upper Oligocene. 

Distribution—San Ramon formation, up- 
per Oligocene of Mt. Diablo region, Cali- 
fornia; ?Poul Creek formation, upper Oligo- 
cene, Alaska. 


SECURELLA ELSMERENSIS (English) 
Plate 93, figures 14, 16; plate 94, figure 9 
Chione elsmerensis ENGLISH, 1914, Univ. Calif. 
Publ., Bull. Dept. Geol. Sci., vol. 8, p. 214, pl. 
23, fig. 1; NoMLAND, 1916, Univ. Calif, 
Publ., Bull. Dept. Geol. Sci., vol. 9, pp. 202, 
210, pl. 9, figs. 3a, 3b; pl. 10, fig. 1; CLARK. 
1929, Strat. Faunal. Hor. Coast Ranges Calif., 
pl. 43, fig. 1. 

Venus (Chtone) elsmerensis, GRANT and GALE, 
1931, Mem. San Diego Soc. Nat. Hist., vol. 1, 
p. 319, pl. 16, figs. 6, 7. 


Hinge typical of genus except for larger 
angle between middle and posterior cardi- 
nals; beaks less produced and more centrally 
located than in any other member of 
Securella; very close to S. panzana but may 
be distinguished by more centrally located 
beaks and fewer and larger radial ribs. 

Dimensions.—Length 95 mm., height 85 
mm. (estimated). 

Type.—As the holotype is lost, the follow- 
ing lectotype has been chosen: San Diego 
Soc. Nat. Hist. no. 151, loc. 202, lower 


Pliocene of Elsmere Canyon, California, 
Hypotypes San Diego Soc. Nat. Hist., no, 
152, same locality; no 33055, loc. 2655, 
Jacalitos formation, Coalinga Quad., Cali- 
fornia. 

Distribution—Lower Pliocene of Elsmere 
Canyon, Los Angeles County, in the lower 
Fernando formation, and in the Jacalitos 
formation of the San Joaquin Valley. 


SECURELLA ENSIFERA (Dall) 
Plate 95, figure 4; plate 93, figures 3, 10, 12; 
Plate 94, figures 4, 18, 20 

Venus lamellifera ConrapD, 1849, Geol. U. S. 
Expl. Exp., p. 724, pl. 17, fig. 12; not Conran, 
1837, Jour. Acad. Nat. Sci., Phila., vol. 7, p. 
251, pl. 19, fig. 19. 

Venus ensifera DALL, 1909, U. S. Geol. Surv., 
Prof. Pap. 59, p. 122. 

Chione chehalisensis WEAVER, 1912, Wash. State 
Geol. Surv., Bull. 15, p. 60, pl. 8, fig. 71. 

Chione (Chione) ensifera, ETHERINGTON, 1931, 
Univ. Calif. Publ., Bull. Dept. Geol. Sci., vol. 
20, no. 5, p. 79, pl. 7, figs. 4-8; pl. 8, figs. 1, 2; 
pl. 9, figs. 4, 5, 8, 11. 

Venus (Chione) securis SHUMARD var. enstfera, 
Grant and GALE, 1931, Mem. San Diego Soc. 
Nat. Hist., vol. 1, p. 320, p. 17, figs. 2, 3. 

Chione ensifera var. chehalisensis WEAVER, 1943, 
Univ. Wash. Publ. Geol., vol. V, pp. 165-166, 
pl. 37, fig. 2; pl. 39, fiz. 1. 

?Venus (Chione) securis, SLODKEWITSCH, 1938, 
Pal. U.S.S.R. ,vol. 10, pt. 3, fasc. 19, pt. II, pp. 
162-163, pl. 87, figs. 3, 4a, 4b. 

Very closely related to S. securis (which 
see for comparison); also quite similar to S. 
cryptolineata, but may be easily separated as 
follows: right middle cardinal smooth, in S. 
cryptolineata grooved; right anterior cardi- 
nal separated from margin and convexly 
curved toward the anterior of shell; hinge 
plate as a whole smaller and more delicate. 
The relations of S. ensifera to S. clallamensis 
are more difficult to interpret: all specimens 
of S. clallamensis smaller than smallest 
specimen of S. ensifera so that some of the 
differences may be due to age; shell of S. 
clallamensis more delicate; hinge plate in- 
termediate between S. ensifera and S. 
cryptolineata, the right anterior cardinal 
being further separated from the margin 
than in S. cryptolineata but not curved as in 
S. ensifera; lunule of S. ensifera more deeply 
impressed and lunular areas of valves to- 
gether form a flat surface, thus not visible 
from an externai side view. 

To quote from Etherington, ‘‘There is one 
variety of this species described by Dr. Weaver 
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as Chione chehalisensis from the Montesano beds, 
which composes the upper portion of the Clemons 
section,’ and “A complete series from the 
Astoria beds shows a gradation from C. enstfera 
Dall to C. chehalisensis Weaver, and for that 
reason the latter is reduced to the variety. The 
typical C. enstfera Dall does not occur beyond the 
middle Miocene but this rounder, thicker variety 
lived on into lower Montesano time, C. ensifera 
Dall being replaced by a species related to C. 
securts which is so common in the Pliocene de- 
posits of the coast. C. enstfera chehalisensis is not 
known from deposits younger than lower Monte- 
sano. 


Dimensions of hypotype—No. 36096, 
length 55 mm., height 51 mm., thickness (1 
valve) 17 mm.; maximum size, length 75 
mm., height 68 mm. 

Types.—Holotype of Venus lamellifera 
Conrad, U. S. Nat. Mus. no. 3611, Astoria 
formation, Miocene, Astoria, Oregon. 

Hypotypes nos. 31956 (‘‘topotype’’); 
31957, 31958 (loc. 9008, Clemons Logging 
Railroad, SE. 3} of SW. 4, sec. 23, T. 17 N.., 
R. 7 W., Grays Harbor County, Washing- 
ton, Astoria formation, Miocene); 31959 
(loc. 9015, one-half mile north of loc. 9008); 
36096, 36097, (loc. A 340, along railroad 
three-fourths mile SE. of loc. 9008, Astoria 
formation, Miocene). Of C. emsifera var. 
chehalisensis Weaver (holotype lost) hypo- 
types nos. 31960, 31964, 31965 (loc. 9008); 
31965 (loc. 9019, railroad cut along south 
bank of Chehalis River, center of NE. 3, 
sec. 13, T. 17 N., R. 7 W., Grays Harbor 
County, Washington. Astoria formation, 
Miocene). 

Distribution—In the Astoria and lower 
Montesano formations, middle and upper 
Miocene of Washington and Oregon. Slodke- 
witsch gives a clear figure of ‘‘ Venus securis 
Shumard,”’ more probably Securella ensifera 
var. chehalisensis, from the sea coast be- 
tween the Amanina and Etalonnaya Rivers 
on the west coast of Kamchatka, Siberia. 


SECURELLA JUANENSIS (Loel and Corey) 
Plate 93, figures 11, 15 
Chione juanensts LoEL and Corey, 1932, Univ. 


Calif. Publ., Bull. Dept. Geol. Sci., vol. 22, p. 
223, pl. 42, figs. 1a, 1b. 


The available specimens are all de- 
formed as well as eroded. Insofar as can be 
told it most closely resembles S. crypto- 
lineata in outline and hinge as well as the 
general heaviness of the shell. 


Dimensions of holotype-——Length 69 mm., 
height 68 mm. 

Holotype-—No. 31803, paratypes no. 
31804, and C. A. S. Paleo. Type Coll. no. 
6786, all from loc. A 505, just east of middle 
point of west line of sec. 7, T. 30 S., R. 18 
E., La Panza Quadrangle, California, fos- 
siliferous zone at top of white sandstone 
bed, Vaqueros-Temblor transition beds, 
Miocene. 

Distribution—Miocene, Vaqueros-Tem- 
blor transition zone of La Panza Mountains, 
California. 


SECURELLA MONTESANOENSIS (Weaver) 
Plate 25, figures 2, 4, 12, 17, 19 
Chione montesanoensis WEAVER, 1912, Bull. 

Wash. Geol. Surv. no. 15, p. 61, pl. 12, figs. 95, 

97, 103; WEAVER, 1943, Univ. Wash. Publ. 

Geol., vol. 5, pp. 166-167, pl. 38, fig. 11. 

Hinge with an unusually long left anterior 
cardinal and right middle cardinal; neither 
sculpture nor outline typical of Securella al- 
though the hinge fits the general formula. 
When larger specimens of S. montesanoensis, 
and better specimens of S. bisculpta are 
found, they may prove to be synonymous. 

Dimensions.—Length 29 mm., height 27 
mm. 

Paratype——C. A. S. Paleo. Type Coll. no. 
503. 

Hypotypes—C. A. S. Paleo. Type Coll. 
nos. 7784, 7785, 7786, all from C. A. S. loc. 
200, Sylvia Creek, 6 miles north of Monte- 
sano, Washington. In conglomerate, Monte- 
sano formation, upper Miocene. 

Distribution—Lower Montesano forma- 
tion of Washington, upper Miocene. 


SECURELLA (?) OLYMPIDEA (Reagan) 


Venus (Chione?) olympidea REAGAN, 1909, Trans. 
Kansas Acad. Sci., vol. 22, p. 182, pl. 1, fig. 12. 
Antigona olympidea, DALL, 1922, Am. Jour. Sci., 
ser. 5, vol. 4, p. 307. 
Venus (Chione?) olympidae, GRANT and GALE, 
1931, Mem. San Diego Soc. Nat.. Hist, vol. 1, 
sel. 
” eons (Chione?) olympidea,’’ WEAVER, 1943, 
Univ. Wash. Publ. Geol., vol. 5, p. 169, pl. 39, 
fiz. 14. 


Reagan’s type of this species has been 
well figured by Weaver. However, until 
topotype material is collected, the species 
cannot be adequately described or recog- 
nized. The type is an internal cast showing 
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the pallial sinus which appears to indicate 
that it is referable to Securella. 
Holotype-—U. S. Nat. Mus. no. 328311. 
Distribution—Clallam formation of 
Washington. 


SECURELLA PANZANA (Anderson and 
Martin) 


Plate 94, figures 3, 7; plate 95, figures 3, 5 


Chione panzana ANDERSON and MartTIN, 1914, 

Proc. Cal. Acad. Sci., 4th series, vol. 4, p. 58, 
l. 1, figs. la, 1b; CLARK, 1929, Strat. Faunal 
or. Coast Ranges Calif., pl. 26, fig. 1. 

Chione margarttana ANDERSON and MarrtIN, 
ibid., p. 59, pl. 2, fig. 1. 

Chione diabloensis CLARK, 1915, Univ. Calif. 
Publ., Bull. Dept. Geol. Sci., vol. 8, p. 468, pl. 
58, fig. 4. 

Chione pabloensis CLARK, ibid., p. 469, pl. 58, 
figs. 1, 2; 1929, Strat. Faunal Hor. Coast 
Ranges Calif., pl. 33, fig. 5. 

Chione valentinet WIEDEY, 1929, Jour. Paleontol- 
ogy, vol. 3, p. 282-284, pl. 31, fig. 4, pl. 32, fig. 
i. 


The differences between S. panzana, S. 
margaritana, S. diabloensis, S. pabloensis and 
S. valentinet are more apparent than real. 
The stated differences are all due to weather- 
ing or deformation of the specimens. On the 
basis of the hinge they are inseparable, and 
in so far as the preservation of the shell 





permits comparison, they all have the same 
type of ornamentation. S. panzana jg 
separable from S. ensifera by its much 
longer shell. 

Dimensions.—Length 80 mm., height 65 
mm. 

Holotype-—C. A. S. Paleo. Type Coll. no, 
115 (C. panzana), C. A. S. loc. 53 (center of 
SE. 4, sec. 22, T. 29 S., R. 16 E., San Luis 
Obispo County, California); C. A. S. Paleo, 
Type Coll. no 117 (C. margaritana), (NE. }, 
sec. 25, T. 21 S., R. 14 E., Coalinga, Cali- 
fornia), Santa Margarita formation, upper 
Miocene; no. 12325 (C. diabloensis) loc. 1492 
(east of Walnut Creek, Contra Costa 
County, California), upper San Pablo 
Group, Miocene; no. 12327 (C. pabloensis), 
loc. 1485 (south side of Mount Diablo, 
California), upper San Pablo group, Mio- 
cene; L. S. J. U. Paleo. Type Coll. no. 517 
(C. valentinet), L. S. J. U. loc. 448 (2 miles 
south of Mayfield, Santa Clara County, 
California). 

Paratype-—C. A. S. Paleo. Type Coll. no. 
116, C. A. S. loc. 53, (see above)L. S. J. U. 
Paleo. Type Coll. no. 6956 (C. valentinei), 
same locality as holotype. ‘ 

Hypotypes.—L. S. J. U. Paleo. Type Coll. 
nos. 6954, 6955, 6956 (Freeman silt, Bakers- 





EXPLANATION OF PLATE 95 
Fic. 1—Securella alaskensis (Clark) (X1). Holotype no. 30406, loc. 3368. Oligocene, Alaska (after 


Clark, 1932). 


(p. 587) 


2, 4, 12, 17, 19—S. montesanoensis (Weaver). 2, 12, 19, (X1); 4, 17, (X0.75). 2, 17, 19, hypotype 
C.A.S. no. 7785; 4, hypotype C.A.S. no. 7784; 12, hypotype C.A.S. no. 7786; all from C.A.S. 


loc. 200. Miocene, Montesano, Washington. 


(p. 591) 


3, 5—S. panzana (Anderson and Martin). 3, (0.5), hypotype Stanford Univ. Paleo. Type Coll. 
no. 6954. Miocene, Freeman silt, Bakersfield quadrangle, California. 5, (X1), hypotype, 
Stanford Univ. Paleo. Type Coll. no. 6956, loc. L.S.J.U. 448. Miocene, Santa Clara County, 


California (paratype of Chione valentinei Wiedey). 


(p. 592) 


6—S. securis (Shumard) (X1). Hypotype no. 36100, loc. A 88. Pliocene, Empire formation, Coos 


Bay, Oregon. 


(p. 593) 


7,8, 13, 14, 15, 16, 18—Chione (Anomalocardia) fernandoensis English. 7, 13, 15, 18, (X2); 14, 16, 
(X1). 7, 8, hypotype no. 36086; 15, hypotype no. 36085, loc. 7095. Pleistocene, Saugus for- 
mation of Ventura County, California. 13, 18, paratype no. 11921, loc. 1735. 14, 16, hypo- 
type SDSNH no. 159, loc. SDSNH no. 209, Elsmere Canyon, California (after Grant and 


Gale, 1931). 


(p. 585) 


9—Protothaca columbiensis (Sowerby) (X1.3). Hypotype no. 36103, loc. 3092. Recent, Mazatlan, 


Mexico. 


; (p. 593) 


10—Securella cryptolineata (Clark) (X0.75). Hypotype no. 36092, loc. 1131. Oligocene, San Ramon 


formation, Walnut Creek, California. 


(p. 589) 


11, 22—S. vancouverensis (Clark and Arnold) (1). Holotype, Stanford Univ. Paleo. Type Coll. 
no. 246, loc. N.P. 129. Oligocene, Sooke formation, Vancouver Island, British Columbia 


(after Clark and Arnold, 1923). 


(p. 593) 


20, 21—S. carmanahensis (Clark) (X1). Holotype C.A.S. no. 683, C.A.S. loc. 234. Oligocene, 


Carmanah Point, Vancouver Island, British Columbia (after Clark, 1925). 


(p. 588) 





- 








JouRNAL OF PaLEOnTOLOGY, VOL. 23 


20 21 


Parker, Fossil and Recent Pelecypoda 


Pate 95 











Chio 
Ui 














PACIFIC COAST CHIONE (AND SECURELLA) 


feld area); nos. 33060, 36098, both from loc. 
A 491 (Stills Ranch, La Panza, California), 
Temblor formation, Miocene. 
Distribution—Temblor formation, Mio- 
cene of Central and Southern California. 


SECURELLA SECURIS (Shumard) 
Plate 94, figures 8, 12, 19; plate 95, figure 6 


Venus securts SHUMARD, 1858, Trans. St. Louis 
Acad. Sci., vol. 1, p. 122. 

Chione securis, DALL, 1909, U. S. Geol. Surv. 
Prof. Pap. 59, p. 120, pl. 11, fig. 8, pl. 13, figs. 
2, 8, 9; ARNOLD, 1910, U. S. Geol. Surv. Bull. 
396, p. 136, pl. 15, ftg. 2; ARNOLD and ANDER- 
son, 1910, U. S. Geol. Surv. Bull. 398, pl. 37, 
fig. 2; CLARK, 1929, Strat. Faunal Hor. Coast 
Ranges Calif., pl. 43, figs. 2, 4; ETHERINGTON, 
1931, Univ. Calif. Publ., Bull. Dept. Geol. Sci. 
vol. 20, pp. 80-81, pl. 8, figs. 4, 5; WEAVER, 
1943, Uniy. Wash. Publ. Geol., vol. 5, pp. 162- 
164, pl. 36, figs. 8, 9, 13; pl. 37, fig. 8; pl. 39, 
fig. 15. 

a perepaivon DALL, tbid., pl. 11, fig. 11; pl. 
13, fig. 1. 

Venus (Chtone) securis, GRANT and GALE, 1931, 
Mem. San Diego Soc. Nat. Hist., vol. 1, p. 320, 
pl. 17, fig. 1. 

Chione parapodema, WEAVER, 1943, Univ. Wash. 
Publ. Geol., vol. 5, p. 164, pl. 37, figs. 6, 7. 


Very close to S. ensifera, distinguished 
from it only on basis of outline; being some- 
what thinner and longer, with beaks less in- 
flated; posterior dorsal slope straighter. 

Dimensions of hypotype—No. 31961, 
length 76 mm., height 65 mm. 

Holotype.—(Of securis, lost), U. S. Nat. 
Mus. no. 143944 (V. parapodema Dall), 
Coos Bay, Oregon. 

Hypotypes——No. 31961, Wildcat forma- 
tion, Humboldt County, California; no. 
36100, loc. A 88 (Coos Bay, Oregon), Em- 
pire formation, Pliocene; no. 36099, loc. 
3322 (Coos Bay, Oregon), Empire forma- 
tion, Pliocene. 

Distribution Pliocene, Wildcat forma- 
tion of California, Astoria and Empire 
formations of Oregon and Washington. 


SECURELLA VANCOUVERENSIS 
(Clark and Arnold) 
Plate 95, figures 11, 22 


Chione vancouverensis CLARK and ARNOLD, 1923, 
Univ. Calif. Publ., Bull. Dept. Geol. Sci., vol. 
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14, p. 147, pl. 20, figs. 1, 2; WEAVER, 1943, 
Univ. Wash. Publ. Geol., vol. 5, p. 168, pl. 39, 
figs. 5, 6, 11; pl. 40, fig. 1. 


The types are small and somewhat eroded, 
strongly resembling S. cryptolineata; differ- 
ing only in having a narrower ligamental 
groove. 

Dimensions of holotype—Length 40 mm., 
height 36 mm. 

Holotype.—Stanford Univ. Paleo. Type 
Coll. no. 246 (not Univ. Calif. Coll. Invert. 
Pal. no. 30052 as stated in original descrip- 
tion); paratype no. 584 Calif. Acad. Sci. 
Paleo. Coll. 

Distribution—Upper Oligocene, Sooke 
formation of Vancouver Island, British 
Columbia. 

* * * 


SPECIES INCORRECTLY ASSIGNED TO Chione 


What has hitherto been referred to as 
Chione fluctifraga (Sowerby) (pl. 89, fig. 7; 
pl. 5, fig. 6; pl. 94, fig. 1) is in the author’s 
opinion not a Chione but a Protothaca. Al- 
though the hinge of Protothaca fluctifraga fits 
the general dental formula of a Chione, it 
does not fall into any of the recognized sub- 
generic groups, and more closely resembles 
P. grata or P. staminea, in that it has a wide 
and long nymph plate. It has neither escutch- 
eon nor lunule, features well-developed in 
all chiones. The marginal crenulations are 
continuous; in Chione they are not. In the 
young stage neither the shell outline nor the 
ornamentation are like those of Chione, but 
do resemble Protothaca. In Chione the 
posterior dorsal slope of the right valve 
overlaps the left value; in P. fluctifraga they 
abut against each other. 

Chione columbiensis (Sowerby) (pl. 94, 
figs. 14, 16; pl. 95, fig. 9) is considered to bea 
Protothaca for the same reasons, namely, the 
nature of the hinge and nymph plate, and 
the fact that the outline and sculpture is 
more typical of Protothaca than Chione. 

Chione cathcartensis Weaver is a Macro- 
callista. Venus (Chione) conradiana Ander- 
son may be referred to Clementia. Chione 
mathewsoni Gabb is probably an Amiantis. 
Chione whitneyi Gabb is a Dosinia. 
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PLIOCENE OSTRACODA FROM SOUTHERN CALIFORNIA 


ROBERT W. CROUCH 
Richfield Oil Corporation, Bakersfield, California 





AsstrRACcT—The distribution of 28 species and one variety of Ostracoda found in 
the Pliocene sediments that crop out in southern California has been studied. Five 
new species, Krithe galet, Loxoconcha helenae, Cytheropteron newportense, Trachylebe- 
ris semttranslucens, and Leguminocythereis microdenticulata are described. This study 
is based upon the identification of 4841 specimens. 





INTRODUCTION 


ys only person to publish upon in- 
vestigations of fossil ostracodes in 
southern California is Le Roy (1943). He 
described 23 new species and 2 new varieties 
from 18 localities. Only 10 of these localities 
are Pliocene, and one of them has since been 
made inacessible by the construction of a 
drainage ditch. Four of Le Roy’s Pliocene 
localities were visited by the writer and 
three new Pliocene ostracode localities were 
discovered. The purpose of investigating the 
Le Roy localities was to complete the 
identification of all the previously described 
species, to establish relative abundance of 
the several species, and to discover new 
species. 

The species having the widest geographic 
distribution are as follows: Brachycythere 
lincolnensis, Hemicythere jollaensis, Hemicy- 
there ? californiensis, Hemicythere ? cali- 
forniensis var. hispida, and Loxoconcha 
lenticulata. All of these species occur at 6 of 
the 7 collecting localities. 

The following species were found to be 
restricted to one locality: Bairdia verde- 
sensis, Caudites fragilis, Trachyleberis 
schencki, Leguminocythereis microdenticu- 
lata, Paradoxostoma ensiforme,.and Anomo- 
cytheridea cf. A. inornata. 

Table 1 shows the detailed distribution of 
all of the Pliocene ostracodes from this re- 
gion. 

Large quantities of material must be col- 
lected in order to determine the relative 
abundance of the Pliocene ostracodes. Equal 
amounts of unwashed material were col- 
lected from The University of Southern 
California localities 101, 102, 109, and 110. 
About four times as much was collected from 


localities 103 and 108 and eight times as 
much from locality 104. 

All holotype and paratype specimens 
have been deposited in the Paleontological 
Collection of The University of Southern 
California. 
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LOCALITIES 


USC-101. Middle Pliocene. (Le Roy local- 
ity No. 1.) San Diego formation, Pacific 
Beach, La Jolla Quadrangle, San Diego 
County, California. At the sea cliff, 200 
yards north of Diamond Street. Ostra- 
codes common. 

USC-102. Upper Pliocene. (Le Roy locality 
No. 4.) Santa Barbara formation. Base 
of exposure at bath house, Bath House 
Beach, City of Santa Barbara, Santa 
Barbara County, California. Scaled 5.05 
inches north and 3.20 inches east from 
the southwest corner of the quadrangle. 
Ostracodes abundant. 

USC-103. Upper Pliocene. (Le Roy locality 
No. 9.) Newport Bay, Tustin Quad- 
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TABLE 1.—NUMBER AND DISTRIBUTION OF PLIOCENE OSTRACODA 

































































Localities | Age 
Species - -- : 
101] 102) 103! 104) 108! 109| 110! P*|MP*|UP* 
Anomocytheridea cf. A. inornata Stephen- | | | | | 
son — nasil 2 | = | — — — — | _—— xX 
Bairdia verdesensis Le Roy 2;|—-| — | — | —|—|—|—| s|— 
Brachycythere drivert Le Roy — | 135 Si Ot we iw lt £i~-t £ 
Brachycythere lincolnensis Le Roy 132 | 66 | 21 | —| 22]; 4] 3] x] x] x 
Bythocypris elongata Le Roy 3}; —}| -—-| -— | Siwmeiumnd % | x|/— 
| 
Caudites fragilis Le Roy 6; —| —}| —! —|—|—|]—| x] - 
Cytherellotdea californica Le Roy —]| 14; 3); —| 3] 1}—|] x|—] «x 
Cytheridea ? pedroensis Le Roy —{ —j; 3; —]| 5 ,i—| si~] = 
Cytheropteron newportense Crouch, n. sp. a. 4 — | i2z2;—{—!] x|—] x 
Cytheropteron pacificum Le Roy —;} —] 13} —| 55] 2 1 x|/—] x 
Hemicythere ? californiensis Le Roy 84 | 336 | 85 | 113 | 239 | 32};—] x] x] x 
Hemicythere ? californiensis var. hispida | 
Le Roy 2 70 13 a) ©) $i-i 8 x x 
Hemicythere jollaensis Le Roy 30 | 210} 23; 33| —j 1 1 a 2s 
Krithe galet Crouch, n. sp. — §} 45; —| 3};—/]—] x|—] x 
Leguminocytherets corrugata Le Roy 8; —; -—-/|] — | 2 | —}— |e) st 
Leguminocytherets microdenticulata Crouch, | 
n. Sp. —| —| —j|ms| —|—|—| x}/—|— 
Loxoconcha helenae Crouch, n. sp. —!|—-]|-| —- 7|— | zsi~-—i-— 
Loxoconcha lenticulata Le Roy 13 | 217 7; @i| 2) @i—]| =] sj] s 
Paracypris pacificus Le Roy —|— 5 2 9;/—|—| x j— | x 
Paracytheridea granti Le Roy 85 | 100; 7); — 2}/—!i—| x] x| x 
Paradoxostoma ensiforme Brady — 2; — —|— | timtae # 
Trachyleberis diegonensts (Le Roy) 14 23 1 — 6 1;—j]| x x x 
Trachyleberts glauca (Skogsberg) 33 | 860 27 35 —|17|— | x x x 
Trachyleberis kewt (Le Roy) 8 75 11 — 2 | 10 | —j|x]|x 
Trachyleberis microreticulata (Le Roy) —| 27; —| —| -|- | —|—|;—| x 
| | | | xX 
Trachyleberis pennata (Le Roy) —I ei | oi in) 8) 8 | — | x 
Trachyleberis schencki (Le Roy) 5} —|}—j] ry tod eed bred et em 
Trachyleberis semitranslucens Crouch,n.sp.| — | 22 4 sa. 1]/—| x/|—] x 
Trachyleberis simiensis (Le Roy) —| —/375| 14 | 557 | 24 | 6 | x i—| = 
Totals | 425 |2,336| 654 | 371 | 939 105} 12) | | 








NOTE: P*=Undifferentiated Pliocene; MP* = Middle Pliocene; UP* = Upper Pliocene. 


rangle, Orange County, California. Scaled 
2.95 inches north and 1.00 inch east 
from the southwest corner of the quad- 
rangle. Ostracodes common. 

USC-104. Undifferentiated Pliocene. (Le 
Roy locality No. 11.) Near abandoned 
site of Standard Oil Company’s Well, 
Vickers No. 2-10. Baldwin Hills, Holly- 
wood Quadrangle, Los Angeles County, 
California. Scaled 0.85 inch north and 
2.65 inches east from the southwest corner 
of the quadrangle. Ostracodes rare. 

USC-108. Undifferentiated Pliocene. New- 
port Bay, Tustin Quadrangle, Orange 
County, California. Scaled 3.05 inches 


north and 1.0 inch east from the south- 
west corner of the quadrangle. Ostracodes 
common. 

USC-109. Undifferentiated Pliocene. San 
Diego formation. On east side of Newport 
Bay, along Palisades Road, Newport 
Beach Quadrangle, Orange County, Cali- 
fornia. Scaled 8.70 inches north and 0.55 
inch west from the southeast corner of the 
quadrangle. Ostracodes rare. 

USC-110. Undifferentiated Pliocene. San 
Diego formation. On east side of Newport 
Bay, along Palisades Road, Newport 
Beach Quadrangle, Orange County, Cali- 
fornia. Scaled 7.90 inches north and 1.10 
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inches west from the southeast corner of 
the quadrangle. Ostracodes rare. 


Order OstTRACODA Latreille 
Suborder Popocopa Sars 
Family CYTHERIDAE Baird, 1850 


Genus Krithe Brady, 
Robertson, 1874. 

Genotype.—Cytherideis bartonensis Jones, 
1855, Palaeontographical Soc., London, vol. 
9, part 2, p. 50, pl. 5, figures 2a, 2b, 3a, 3b. 


Crosskey, and 


KRITHE GALEI Crouch, n. sp. 
Plate 96, figure 6 


Description.—Carapace of female rhom- 
boidal in side view; greatest height slightly 
posterior to middle, greatest thickness 
medial; dorsal margin strongly arched, 
slightly convex anterior to middle, then 
curved upward to its highest point slightly 
posterior to the middle, then curved down- 
ward in an unbroken curve to the acute 
posterior ventral angle; dorsal margin 
straight to slightly sinuous; valves rather 
strongly convex; generic internal structure. 

Dimensions.—Right valve, length, 0.72 
mm.; height, 0.40 mm.; thickness, both 
valves, 0.30 mm. 

Types.—The University of Southern Cali- 
fornia Paleontological Collection: holotype 
no. 125; paratype no. 126. 

Type locality—USC locality 103. Upper 
Pliocene. 

Comparisons.—This species differs from 
Krithe perattica Alexander (1934) by having 
a sinuous ventral margin and a convexity on 
the anterior dorsal margin. 

Remarks.—The carapace of the male is 
similar to the female in outline. The dorsal 
margin is not as strongly arched as in the 
female, and the greatest height is medial. 
The male also lacks the strong convexity of 
the valves. 

This species is named for Dr. H. R. Gale. 


ROBERT W. CROUCH 


Genus ANOMOCYTHERIDEA Stephenson, 194g 


Genotype.— Cytheridea floridana Howe and 
Hough, 1935, Florida Dept. Cons., Geo}, 
Bull. 13, p. 10-11, pl. 2, figures 15, 16, 1g. 
pl. 4, figures 6, 10. 


ANOMOCYTHERIDEA cf. A. INORNATA 
Stephenson, 1938 
Plate 96, figure 5 
1938. Anomocytheridea inornata STEPHENSON, 
Jour. Paleontology, vol. 12, no. 2, p. 142-143, 
pl. 23, figs. 17, 19; text fig. 14. 
Remarks.—M. B. Stephenson, in a per. 
sonal communication, expressed the opinion 
that this form closely resembles his species, 
Anomocytheridea inornata. 
Occurrence-—USC locality 
Pliocene. 


103. Upper 


Genus Loxoconcua G. O. Sars, 1865 


Genotype.—Loxoconcha bairdi Miller, 
1912, Das Tierreich, vol. 31, p. 306, figure 
85. 

LOXOCONCHA HELENAE Crouch, n. sp. 

Plate 96, figures 9-11 


Description.— Carapace in side view quad- 
rate and elongate, of equal height; dorsal 


margin straight, ventral margin almost 
straight, slightly convex; anterior and 
posterior margins’ broadly obliquely 


rounded; greatest thickness slightly poste- 
rior to middle; bar finely crenulate; teeth 
and sockets very small; surface ornamented 
by numerous subrounded pits, decreasing in 
size from center of carapace toward the 
margins; greatest convexity is ventral and 
posterior; the carapace rises abruptly from 
near the margin leaving a narrow marginal 
shelf; the ventral portion of this tumid re- 
gion has two faint anterior-posterior 
wrinkles; radial pore canals indistinct. 

Dimensions.—Left valve, length, 0.52 
mm.; height, 0.30 mm.; thickness, both 
valves, 0.25 mm. 





EXPLANATION OF PLATE 96 


Fic. 1—Trachyleberis semitranslucens Crouch, n. sp. X72. Left valve, holotype no. 120. 


(p. 597) 


2-4—Cytheropteron newportense Crouch, n. sp. X87. 2, inside view of left valve, holotype no. 122. 


3, right valve, paratype no. 123. 4, dorsal view, paratype no. 124. 
5—Anomocytheridea cf. A. ornata Stephenson. X72. Right valve. 
6—Krithe galei Crouch, n. sp. X72. Right valve, holotype no. 125. 


(p. 597) 
(p. 596) 
(p. 596) 


7-8—Leguminocytherets microdenticulata Crouch, n. sp. X72. 7, inside view of left valve, holotype 


no. 127. 8, right valve, paratype no. 128. 


(p. 598) 


9-11—Loxoconcha helenae Crouch, n. sp. X87. 9, left valve, holotype no. 130. 10, inside view of 


left valve, paratype no. 131. //, dorsal view, paratype no. 132. 


(p. 596) 
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Types.—The University of Southern Cali- 
fornia Paleontological Collection: holotype 
no. 130, paratyre nos. 131, 132. 

Type locality—USC locaiity 108. Un- 
differentiated Pliocene. 

Comparisons.—This species differs from 
Loxoconcha lenticulata Le Roy by its strong 
pits, anterior-posterior wrinkles, and _ its 
greatest thickness being posterior to the 
middle. 

Remarks.—This_ species is 
Helen Crouch. 


named _ for 


Genus CYTHEROPTERON G. O. Sars, 1865 


Genotype.—Cythere latissima Norman, A. 
M., 1867, Trans. Nat. Hist. Soc. North- 
umberland, vol. 1, p. 19, pl. 6, figures 5-8. 


CYTHEROPTERON NEWPORTENSE 
Crouch, n. sp. 
Plate 96, figures 2—4 


Description.—Carapace triangular in side 
view; anterior end_ broadly’ obliquely 
rounded; posterior end bears a short blunt 
projection; greatest height and thickness 
medial; ala moderately developed, blunt, 
slightly rounded, projecting downward and 
outward; hinge line prominently arched; 
small sockets barely discernible in right 
and left valves; teeth not observed; left 
valve larger, overlaps at dorsal margin; sur- 
face ornamented by very fa‘nt, irregular 
shallow pits, 8 or 9 pits extending along the 
midline from the dorsal to ventral side. 

Dimensions.—Left valve, length, 0.55 
mm.; height, 0.40 mm.; thickness, both 
valves, 0.40 mm. 

Types.—The University of Southern Cali- 
fornia Paleontological Collection: holotype 
no. 122; paratype nos. 123, 124. 

Type locality—USC locality 108. Un- 
differentiated Pliocene. 

Comparisons.—This species differs from 
Cytheropteron pacificum Le Roy in having a 
blunt ala, heavier carapace, and irregular 
shallow pits. 


Family TRACHYLEBERIDAE Sylvester- 
Bradley, 1948 
Subfamily TRACHYLEBERINAE Sylvester- 
Bradley, 1948 
Genus TRACHYLEBERIS Brady, 1898 


Genotype.—Cythere scabrocuneata Brady, 
1880, Report of the Scientific Results of the 
Voyage of H.M.S. Challenger, vol. 1, p. 103, 
pl. XVII, figures 5a-f, pl. XXIII, figures 
2a-c. 
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TRACHYLEBERIS DIEGONENSIS 
(Le Roy), 1943 
1943. Cythereis diegonensis Le Roy, Jour. 


Paleontology, vol, 17, no. 4, p. 369, pl. 58, figs. 
26-31; text figure 2e. 


Occurrence.—Pliocene and Pleistocene. 


TRACHYLEBERIS GLAUCA (Skogsberg), 1928 

1928. Cytherets glauca SKOGSBERG, Calif. Acad. 
Sci., p. 110, pl. 3, figs. 2, 6, 7; pl. 4, fig. 4. 

1943. Cythereis glauca, LE Roy, Jour. Paleontol- 
ogy, vol. 17, no. 4, p. 368, pl. 61, figs. 19-23; pl. 
62, figs. 11, 12, text figures 2v, w. 


Occurrence.—Pliocene to Recent. 


TRACHYLEBERIS KEWI (Le Roy), 1943 


1943. Cytherets kewt LE Roy, Jour. Paleontology, 
vol. 17, no. 4, p. 369, pl. 60, figs. 24-27; pl. 62, 
figs. 9, 10; text figure 2d. 


Occurrence.—Pliocene to Recent. 


TRACHYLEBERIS MICRORETICULATA 
(Le Roy), 1943 
1943. Cytherets microreticulata LE Roy, Jour. 


Paleontology, vol. 17, no. 4, p. 370, pl. 59, figs. 
17-22; text figure 2n. 


Occurrence-—Upper Pliocene. 


TRACHYLEBERIS PENNATA (Le Roy), 1943 


1943. Cytherets pennata LE Roy, Jour. Paleontol- 
ogy, vol. 17, no. 4, p. 370, pl. 59, figs. 34-37; 
pl. 62, figs. 19-20; text figure 2h. 


Occurrence.—Pliocene. 


TRACHYLEBERIS SCHENCKI (Le Roy), 1943 


1943. Cythereis schencki LE Roy, Jour. Paleon- 
tology, vol. 17, no. 4, p. 371, pl. 58, figs. 9-14; 
text figure 2n. 


Occurrence.—Pliocene and Pleistocene. 


TRACHYLEBERIS SEMITRANSLUCENS 
Crouch, n. sp. 
Plate 96, figure 1 


Description.—Carapace subquadrangular 
in side view, narrower posteriorly than 
anteriorly; rim irregular, anterior end heavy, 
dorsally it swings in a broad flattened arch 
anteriorly forming a dorsal lip with the 
ventral margin, then swings somewhat 
sharply around the posterior end, then 
straight to the point of origin; anteriorly 
there is a crest starting with an anterior 
dorsal notch; it swings in keeping with the 
rim and dorsal and ventral margin and 
terminates before the sharp anterior swing; 
anterior rim crest bears 8 pronounced spines 
and 8 smaller ones directly above them; just 
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above the posterior rim there are 8 long 
spines, directly above them are 6 or 7 in- 
distinct spines; a main crest originates in a 
notch just posterior to the first flange 
notch, then follows the outline of the first 
crest and continues around the posterior end 
and terminates in a posterior ventral notch; 
a third crest begins at this notch and swings 
dorsally in a broad arch to the point of 
origin; a prominent ridge runs along the 
midline and occupies the central two-thirds 
of the length of the carapace; a fourth and 
very high crest swings ventrally on the 
ventral side of the mid-flange to form a 
spoon-shaped structure; it has 5 short 
carinae running down its dorsal surface and 
one very prominent spine protruding ventro- 
posteriorly; a rather prominent minutely 
pitted eye tubercle lies ventral to the second 
notch; scattered tubercles dot the surface of 
the carapace; generic internal structure. 

Dimensions.—Left valve, length, 1.00 
mm.; height, 0.52 mm.; thickness, both 
valves, 0.44 mm. 

Types.—The University of Southern Cali- 
fornia Paleontological Collection: holotype 
no. 120, paratype no. 121. 

Type locality—USC locality 102. Upper 
Pliocene. 

Comparisons.—T he new species is slightly 
similar to Trachyleberis kewi (Le Roy) in 
outline, but distinguished from it by its 
many flanges, median ridge, and spoon- 
shaped structure on the ventral surface. 

Remarks.—This species has been ob- 
served by the writer in Recent sediments 
from Cristébal Bay, Baja California. The 
young molt stages are extremely fragile and 
transparent and lack the medial ridge. In 
place of the ridge there are small nodes. The 
minutely pitted eye tubercle is lacking and 
appears only in the more advanced molt 
stages. 


Genus LEGUMINOCYTHEREIS Howe, 1936 


Genotype.—Leguminocythereis scarabaeus 
Howe and Law, 1936, Louisiana Dept. Cons. 
Geol. Bull. 7, pp. 61, 63, 64, pl. 4, figures 12, 
17, pl. 5, figures 15-17. 


LEGUMINOCYTHEREIS MICRODENTICULATA 
Crouch, n. sp. 
Plate 96, figures 7-8 


Description.—Carapace elongate in side 


ROBERT W. CROUCH 


view, posterior dorsal margin is more 
sharply rounded than the posterior ventra| 
margin; greatest height is at right angles to 
anterior socket; greatest thickness posterior 
to middle; hinge line almost straight, shal. 
lowly channeled; dorsal margin straight, 
ventral margin concave just anterior to 
middle; overlap prominent, left valve over. 
laps ventral periphery; bar slightly convex: 
right valve with sharp anterior tooth, small 
rounded postjacent socket, narrow grooved 
margin merging with very high, smooth, 
elongate tooth; hinge of left valve with deep 
posterior socket bordered by small, rounded 
elevated margin and by slightly elongate 
anterior socket; surface ornamented with 
numerous large pits of equal size; deepening 
of the pits on the ventral side causes several 
ventral posterior-anterior wrinkles; poste- 
rior margin slightly denticulate. 

Dimensions.—Left valve, length, 0.95 
mm.; height, 0.55 mm.; thickness, both 
valves, 0.45 mm. 

Types.—The University of Southern Cali- 
fornia Paleontological Collection: holotype 
no. 127; paratype nos. 128, 129, 

Type locality—USC locality .104. Un- 
differentiated Pliocene. 

Comparisons.—This species is similar to 
Leguminocythereis corrugata Le Roy, but 
lacks the characteristic surface ridges. Al- 
though it was found only at its type locality, 
it is very abundant there. 
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ABsTRACT—Eight small collections of Mississippian cephalopods from seven states 
are discussed, and the better specimens are figured. A new species of Triboloceras is 
established for a rather well preserved internal mold from the Lower Mississippian 
of Kentucky. For the first time, a fully mature representative of the genotype of 
Endolobus is illustrated—it came from the type Chester of Illinois. The Chouteau 
limestone of Missouri has yielded two exceptional nautiloids that are dealt with in 
this study—- one is an essentially complete individual belonging in Triboloceras and 
the other is a unique specimen for which the generic name Brittsoceras is proposed. 
The second goniatite to be found in the Fern Glen formation of Missouri and Illinois 
is described—it represents a new species of Imitoceras. The discovery of a large 
Rayonnoceras in the Pitkin limestone of Arkansas is recorded. Mooreoceras, Thoraco- 
ceras?, Poterioceras, Liroceras?, Triboloceras, and possibly Munsteroceras are recog- 
nized in blocks of chert from the upper part of the Redwall limestone of Arizona, 
and it is concluded that this cephalopod assemblage is indicative of an early Mis- 
sissippian age. The occurrence of cephalopods at two new localities in the White 
Pine shale of Nevada is documented; the genera represented are Mooreoceras, 
Epicanites?, Goniatites, Lyragoniatites?, Girtyoceras, and Anthracoceras?. Finally, 
specimens belonging in Girtyoceras and Cravenoceras? are described from the Heath 








formation of Montana. 





of Mississippian cephalopods from Ken- 
tucky, Illinois, Missouri, Arkansas, Arizona, 
Nevada, and Montana have become avail- 
able to us for study. Although none of these 
is particularly important in itself, collec- 
tively they seem to add considerably to our 
knowledge of the faunas and the strata in- 
volved. Some of them are not very closely 
related; but, nevertheless, as a matter of 
expediency, we are combining a discussion 
of the entire lot into a single publication. 
Acknowledgement is due to the following 
persons for the loan of the specimens on 
which most of this report is based: Profes- 
sors G. E. Condra and M. K. Elias of The 
University of Nebraska; Mr. Warren R. 
Eshbaugh of the University of Missouri; 
Professor R. C. Gutschick of the University 
of Notre Dame; Dr. F. L. Humphrey of 
Stanford University; Mr. John Britts Owen 
of Clinton, Missouri; Mr. W. E. Schevill of 
Harvard University; and Professor Harold 
W. Scott of the University of Illinois. The 
photographs which accompany this study 
were retouched by Mr. Howard E. Webster 


| eee recently, several small collections 


of Iowa City, and he also drew the text 
figures. The completion of the manuscript 
and the illustrations was made financially 
possible by the Graduate College of the 
State University of Iowa. 


A TRIBOLOCERAS FROM 
KENTUCKY 

Ward's Natural Science Establishment, 
Inc., of Rochester, New York, sent to the 
senior author for identification a nautiloid 
that represents a new species of Triboloceras, 
and it was purchased by the State Univer- 
sity of Jowa. The label which accompanies 
this specimen indicates that it came from 
Carboniferous strata in or near Farmers, 
northeastern Kentucky, but nothing further 
is known in regard to its derivation. It is the 
first representative of the genus to be de- 
scribed from the state, and therefore we 
propose the following name for it: 


TRIBOLOCERAS KENTUCKIENSE Miller, 
Downs, and Youngquist, n. sp. 
Plate 97, figure 4 


The holotype of this species is an internal 
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mold that is moderately well preserved but 
not very complete. Nevertheless, it repre- 
sents most of one of the lateral zones of the 
conch, and its maximum over-all diameter 
measures about 96 mm. 

The conch, when complete, appears to 
have consisted of considerably more than 
two volutions. In the adapical part of the 
preserved portion, the cross section is more 
or less subcircular. However, during ontog- 
eny there was developed a prominent broad 
rounded ventrolateral concave zone, which 
gives the conch the appearance of having a 
lateral keel (accentuated near the adoral end 
by a very slight concave zone immediately 
dorsad of it) and an elevated ventral zone 
(that bore a few coarse longitudinal ribs and 
intermediate grooves at full maturity). The 
cross section near the adapical end of the 
outer volution, insofar as it can be ascer- 
tained, is shown by text figure 1, with the 
inferred part indicated by a dashed line. 

At least the adoral quarter-volution is 
non-septate and represents the living cham- 
ber. The extreme adoral part of the pre- 
served portion of it may not have been in 
contact with the preceding volution. The 
surface of the internal mold bears longi- 
tudinal lirae which become rather widely 
spaced orad. Traces of the growth lines on 
the concave ventrolateral zone near the 
adoral end of the specimen curve strongly 
apicad as they approach the venter, indicat- 
ing that there was a deep hyponomic sinus, 
which was probably rounded. 

The camerae are moderately short, and 
there are about 28 of them to the volution. 
The sutures, though directly transverse, are 
slightly sinuous, forming distinct lobes as 
they cross the concave ventrolateral (and 
probably also the dorsal) zones and the 
ventral grooves. No trace of the siphuncle 
can be discerned. 

Remarks.—This species seems to us to 
differ considerably from all of the previ- 
ously described representatives of the genus. 
It is perhaps closest to T. digonum digonum 
(Meek and Worthen) of the Rockford lime- 
stone of Indiana and the Chouteau and 
Northview formations of Missouri. How- 
ever, in that form the conch is relatively 
low and broad and the ventral zone is not 
prominently elevated. T. digonum magnum 
Miller and Furnish, a large form from the 


Chouteau of Missouri, is also superficially 
similar to the new species but in cross sec- 
tion is quite different. 

Occurrence.—The only known representa- 
tive of this species was found in or near 
Farmers, Rowan County, Kentucky. It is 
partially imbedded in a small block of fine- 
grained brownish gray sandstone which 
contains no other fossils. Specimens that are 
referable to the genus Triboloceras have also 
been collected in Indiana, Illinois, Missouri, 
New Mexico, and Arizona, as well as in 





Fic. 1 —Diagrammatic cross section of the holo- 
typeof Triboloceras kentuckiense Miller, Downs, 
and Youngquist, X2. 

western Europe and Soviet Russia. In at 

least all of its North American occurrences 

(except possibly that in Arizona) the strata 

which carry it are believed to be referable to 

the Lower Mississippian Kinderhook group 
or series, and presumably the bed which 
yielded the specimen just described is of the 
same general age. However, the genus may, 
of course, be found to have a somewhat 
greater range and to occur, for example, in 
the overlying Osage group, from which 
relatively few cephalopods have been de- 
scribed. 

Holotype—State University of lowa, 

13898. 

AN ENDOLOBUS FROM THE 
TYPE CHESTER 
Through the courtesy of W. E. Schevill of 

Harvard University, a representative of the 

genus Endolobus from the Mississippian 
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strata at or near Chester, Illinois, has be- 
come available to us for study. It appears 
to be referable to E. spectabilis (Meek and 
Worthen), the genotype of Endolobus. The 
importance of this specimen is greatly en- 
hanced by the fact that the only representa- 
tive of the species that has been illustrated 
heretofore is believed to be a “‘young”’ in- 
dividual. 

The specimen under consideration (see 
plate 98, fig. 1) is a moderately well pre- 
served internal mold of the right half of the 
adoral half-volution of the phragmacone and 
the adjacent part of the living chamber of an 
individual that was more than 36 cm. in 
diameter (its present over-all maximum 
measurement). The conch is nautiliconic in 
its mode of growth and is more or less sub- 
globular in shape. The whorls are depressed 
dorsoventrally, broadly rounded ventrally, 
more narrowly rounded laterally, and con- 
siderably impressed dorsally—they are much 
more strongly arched ventrally than dor- 
sally (impressed zone disregarded). Near the 
mid-length of the preserved portion of the 
phragmacone of this specimen, the conch is 
a little more than 10 cm. high and its cor- 
responding width is estimated to have been 
approximately twice that amount. 

The lateral zone of the specimen bears a 
single row of large prominent rounded 
nodes, of which there are six in a half-volu- 
tion. The camerae are moderate in length, 
and there are fourteen of them in the adoral 
half-volution of the phragmacone. The two 
adoral camerae of this individual are con- 
siderably shorter than the preceding ones, 
indicating that it had attained full matu- 
rity. Each suture forms a broad rounded 
ventral saddle, similar but narrower ventro- 
lateral lobes, and a deep V-shaped but 
narrowly rounded dorsal lobe; but the 
course across the umbilical walls is essen- 
tially straight and directly transverse. Near 
the mid-length of the adapical half of the 
preserved part of the living chamber, there 
is a structure some 10 mm. in diameter that 
appears to represent the siphuncle, which 
apparently is subcentral (being distinctly 
nearer the venter than the dorsum) and is 
orthochoanitic (being composed of cylindri- 
cal segments). 

The label which accompanies this speci- 
men indicates that it was collected by A. H. 


Worthen and was identified by Alpheus 
Hyatt as ‘“‘Temnocheilus spectabilis,”’ which 
is now generally regarded as the genotype of 
Endolobus. That is, in 1865 Meek and 
Worthen established the genus Endolobus 
and placed in it only the holotype of their 
species, Nautilus (Endolobus) peramplus of 
the Chester of Illinois. That form then be- 
came the type of the genus. However, the 
following year these authors concluded that 
the large specimen (‘‘greatest diameter, 23 
inches’), for which they had coined that 
specific name, is conspecific with a much 
smaller individual (about 43 inches in dia- 
meter) from the same general horizon and 
locality, for which they had earlier proposed 
the name Nautilus spectabilis; and they 
therefore suppressed their later name in 
favor of the one that has priority. The speci- 
men for which the name Nautilus (Endolo- 
bus) peramplus was proposed has never been 
illustrated, and its whereabouts is unknown 
to us. Therefore, we are unable to confirm 
or reject Meek and Worthen’s conclusion in 
regard to its specific affinities; but the speci- 
men we are studying appears to us to be con- 
specific with the holotype of E. spectabilis, 
and both are from the Chester group or 
series of Randolph County, Illinois. 

It should perhaps be added that the speci- 
men described above is the property of the 
Harvard Museum of Comparative Zoology, 
where its catalogue number is 4109. It is pre- 
served in light brownish gray argillaceous 
limestone. 


TWO EXCEPTIONAL NAUTILOIDS 
FROM THE CHOUTEAU LIME- 
STONE OF MISSOURI 


John Britts Owen of Clinton, Missouri, 
loaned us two specimens that he collected 
fairly recently from the Chouteau limestone 
of his home state, and both of them clearly 
deserve to be illustrated and described. One 
is by far the most nearly complete repre- 
sentative of the genus Triboloceras that has 
so far been found in North America, at 
least; and the other does not seem to be ref- 
erable to any previously recognized genus 
or species. For a general treatment of the 
Chouteau nautiloids, the reader is referred 
to Miller and Furnish’s report of 1939 on 
the ‘‘Lower Mississippian nautiloid ceph- 
alopods of Missouri.” 

















Oo 8s 


n 


rTM + DS CD tte we 


— ee 1 OD tt 














MISSISSIPPIAN CEPHALOPODS 603 


TRIBOLOCERAS DIGONUM PENTAGONUM 
Miller and Furnish 
Plate 97, figures 6, 7 
Triboloceras digonum pentagonum MILLER and 

FurNIsH, 1939 [1938], Missouri Univ. Studies, 

vol. 13, no. 4, pp. 154-155, 188, pl. 39, figs. 5, 

6; pl. 43, fig. 5. 

The specimen under consideration is an 
internal mold that is moderately well pre- 
served but is firmly imbedded in a block of 
hard light gray finely crystalline limestone. 
It consists of a little more than two and a 
half volutions; and its maximum diameter, 
measured from the adoral end of the pre- 
served portion of the ventral side across the 
umbilicus, is a little less than 100 mm. 

The adapical part of the specimen is not 
well preserved; but clearly it was loosely 
coiled and the umbilical perforation was 
large. Almost certainly this portion of the 
conch did not differ greatly from that of 
T. digonum subcirculare M. & F., illustrated 
by Miller and Furnish (1939, pl. 39, fig. 7). 
Not until the conch had completed almost 
two volutions, did its whorls come in con- 
tact, and at no stage of ontogenetic develop- 
ment was it appreciably involute. Further- 
more, the adoral part of the living chamber 
of the individual we are studying diverges 
considerably from the preceding whorl. 

The adoral third of the outer volution of 
this specimen is non-septate and presum- 
ably, therefore, represents the living cham- 
ber. The shape of the cross section at full 
maturity is shown by figure 6 on plate 97, 
with the inferred parts indicated by a 
dashed line—the measurements on which 
this drawing was based were taken some- 
what orad of the junction of the phragma- 
cone and the living chamber. Attention 
should perhaps be called to the fact that 
the ventral side is grooved medianly, the 
ventrolateral zones are subangular, and the 
dorsolateral ones are rounded. 

The surface of the internal mold bears 
prominent longitudinal lirae, which became 
progressively farther apart throughout on- 
togenetic development. The camerae are 
moderately short, and there are about 14 or 
15 of them in the adoral half-volution of the 
phragmacone of the specimen being studied. 
The sutures form broad rounded lateral 
lobes and low rounded dorsolateral saddles, 
but their course across the dorsal and the 


ventral zones of the conch is not visible. 
Also, the nature and position of the si- 
phuncle are not revealed. 

Remarks.—In cross section, the holotype 
of 7. digonum pentagonum is somewhat 
lower and broader than is the individual just 
described, and also the type seems to have 
steeper and somewhat better defined um- 
bilical walls. Nevertheless, a direct com- 
parison of these two specimens seems to us 
to indicate that their similarities are more 
pronounced and therefore perhaps more sig- 
nificant than their differences. 

Occurrence.—Chouteau limestone- in the 
Stewart-Nattinger quarry, Milo Parks farm, 
E} NE} sec. 34, T. 40 N., R. 26 W., Henry 
County, Missouri. The holotype, the only 
previously known representative of this 
variety, came from the same formation near 
Iconium, St. Clair County, Missouri. 

Repository.—Private collection of John 
Britts Owen of Clinton, Missouri. 


Genus BRITTSOCERAS Miller, Downs, 
and Youngquist, n. gen. 


Genotype.—Brittsoceras ornatissimum Mil- 
ler, Downs, and Youngquist, n. sp. 

Conch moderately small, nautiliconic, 
subdiscoidal, and composed of only a few 
whorls. These are subcuneiform in cross 
section as they are ‘higher than wide, 
rounded ventrally, somewhat impressed 
dorsally, and flattened laterally, and the 
lateral zones converge dorsad. Umbilicus 
large, open, and perforate; and umbilical 
shoulders rounded and indefinite. Each 
ventrolateral zone bears a single row of 
prominent rounded nodes which are trans- 
versely elongate. Surface of test conspicu- 
ously reticulate. Nature of septa, sutures, 
and siphuncle unknown. 

The new genus, which is named in honor 
of John Britts Owen, resembles somewhat 
Temnocheilus M’Coy, and the two are prob- 
ably related. However, in typical repre- 
sentatives of M’Coy’s genus, the whorls are 
low and broad, the ventrolateral nodes are 
longitudinally elongate, and the test does 
not bear prominent longitudinal lirae. 

The single form that we are referring to 
Brittsoceras, the genotype, has so far been 
found in only the Lower Mississippian 
Chouteau limestone of Missouri. 


— 
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BRITTSOCERAS ORNATISSIMUM Miller 
Downs and Youngquist, n. sp. 
Plate 97, figures 1-3 


The specimen on which this species is 
based is a rather well preserved testiferous 
individual, which however does not retain 
the internal structures of the conch. It con- 
sists of a little more than two and a half 
volutions, and its maximum diameter 
measures about 32 mm. Near the mid- 
length of the adoral half-volution of this 
holotype, the conch is about 10 mm. high 
and attains a corresponding maximum 
width (not including the nodes) of some 8 
mm. Its general physiognomy and the shape 
of the cross section are shown by the ac- 
companying illustrations. 

On each of the ventrolateral zones of the 
conch there are 12 or 13 transversely elon- 
gate nodes to the volution. Throughout 
ontogenetic development, these nodes in- 
creased in size progressively, but their prom- 
inence remained fairly constant. The sur- 
face of the test bears conspicuous longi- 
tudinal and transverse lirae and is therefore 
reticulate. The transverse lirae curve slightly 
apicad as they cross the ventral zone of the 
conch, and may therefore be said to sug- 
gest the presence of a broad shallow 
rounded hyponomic sinus. No trace of either 
the sutures or the siphuncle can be dis- 
cerned in the specimen for which we are 
establishing this species. 

Remarks.—Inasmuch as this form is the 
only known representative of the genus, 
specific comparisons would be superfluous. 

Occurrence.—Chouteau limestone in 
James River bluff about {} mile upstream 
from bridge and about 1 mile west of Turn- 
ers Station, Green County, Missouri. 


Repository.—Private collection of John 
Britts Owen of Clinton, Missouri. 


A GONIATITE FROM THE TYPE 
SECTION OF THE OSAGIAN FERN 
GLEN FORMATION OF 
MISSOURI 


Early in June of 1948, Warren R. Esh- 
baugh found a goniatite in the Fern Glen 
limestone at Fern Glen Station, about 20 
miles west of St. Louis, Missouri. Only one 
other ammonoid, the holotype of Imitoceras 
bfefferae Miller and Werner, is known from 
that formation—it came from near Val- 
meyer, Illinois, some 25 miles south of St, 
Louis. Furthermore, the entire Osage group, 
of which the Fern Glen is the basal portion, 
has yielded few ammonoids indeed. There- 
fore, this specimen seems to merit special 
consideration. Though it is probably refer- 
able to Schindewolf’s genus Imitoceras, as 
now interpreted, it does not belong in any 
described species, and we are naming it in 
honor of its discoverer. 


IMITOCERAS ESHBAUGHI Miller, 
Downs, and Youngquist, n. ‘sp. 
Plate 99, figure 11 


The single specimen on which this species 
is being based is an internal mold that is 
slightly distorted and is only moderately 
well preserved in light red argillaceous lime- 
stone. Its maximum diameter measures a 
little more than 70 mm. Most of its adoral 
volution appears to be non-septate and pre- 
sumably therefore represents the living 
chamber. 

The conch as a whole is subdiscoidal in 
shape, and the whorls are strongly com- 
pressed, narrowly rounded ventrally, almost 





EXPLANATION OF PLATE 97 


Fics. 1-3—Brittsoceras ornatissimum Miller, Downs, and Youngquist, n. sp. Three views ofthe holo- 
type, from the Chouteau limestone about 1 mile west of Turners Station, Missouri, X2. 


(p. 604) 


4—Triboloceras kentuckiense Miller, Downs, and Youngquist, n. sp. Lateral view of the holo- 


type, from the Lower Mississippian at or near Farmers, Kentucky, X1. 


(p. 600) 


5—Liroceras? sp. Ventral view of an internal mold of portions of eight camerae of a phragma- 


cone, from the Redwall limestone just northwest of Jerome, Arizona, X1. 


(p. 607) 


6, 7—Triboloceras digonum pentagonum Miller and Furnish. Diagrammatic cross section (of 
the adapical portion of the living chamber) and lateral view of an almost complete internal 
mold, from the Chouteau limestone on the Milo Parks farm in Henry County, Missouri, 


x1. 


(p. 603) 


8—Lyragoniatites? sp. Enlargement of a ventrolateral portion of the test (at a diameter of some 
20 mm.) of a specimen, from the White Pine shale about 5 miles west-southwest of Mt. 


Hamilton, White Pine County, Nevada, X10. 


(p. 610) 
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flat laterally, and deeply impressed dorsally. 
The lateral zones, which appear to be almost 
parallel, are distinctly convex exteriorly, 


The umbilicus is large, and its diameter 
is equal to a little less than half that of the 
conch. The maximum diameter attained by 
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Fic. 2.—Diagrammatic outline ventral view (X1) and representation of one of the adoral sutures 
(X3) of the holotype of Imitoceras eshbaughi Miller, Downs, and Youngquist, n. sp. 


and the maximum width of the conch is 
attained slightly dorsad of the mid-height 
of the whorls. Near the adapical end of the 
outer volution of the holotype, the conch is 
about 20 mm. high and has a corresponding 
width of about 11 mm. 


the umbilicus of the holotype is about 30 
mm. The umbilical shoulders are abruptly 
rounded, and the umbilical walls, though 
low, are moderately steep. No trace of the 
surface markings of the test can be dis- 
cerned on the holotype. As shown by text 





EXPLANATION OF PLATE 98 


Fics. 1—Endolobus spectabilis (Meek & Worthen). Lateral view of a mature specimen, from the Ches- 


ter series at or near Chester, Illinois, x #4. 


(p. 601) 


2—Rayonnoceras sp. A large incomplete internal mold, from the Pitkin limestone about 4 mile 


east of Leslie, Arkansas, x}. 


(p. 606) 
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figure 2B, each mature external suture 
forms a large deep hastate ventral lobe, and 
on either side of it an asymmetrically U- 
shaped first lateral saddle, a V-shaped first 
lateral lobe, and a broadly rounded second 
lateral saddle which extends clear to the 
umbilical seam. The shape of the internal 
sutures was not ascertained. 

Remarks.—This species is not very similar 
to the genotype of Jmitoceras, Ammonites 
rotatorius de Koninck of the early Lower 
Carboniferous (Tournaician) of western 
Europe, from which it differs particularly in 
that its umbilicus is large and open and its 
conch is more strongly compressed. Never- 
theless, it seems to be more closely related 
to it than to any other valid genotype. The 
only other ammonoid known from the Fern 
Glen formation, J. pfefferae, also has an 
open umbilicus, which, however, is con- 
siderably smaller than that of the new 
species. The Lower Mississippian Chouteau 
limestone of Missouri and the Lower Car- 
boniferous strata of Earope have yielded 
congeneric forms in which the umbilici are 
not closed, but none of them is very close to 
the one we are studying. 

Occurrence—The holotype of J. eshbaughi 
was found in a boulder from a talus slope at 
Fern Glen, St. Louis County, Missouri. 
This boulder also contained an orthocera- 
conic nautiloid. Its lithology is stated to in- 
dicate that it came from the upper portion 
of a calcareous ‘‘layer that roughly sepa- 
rates the red from the yellow part” of the 
Fern Glen formation at this locality. 

Holotype.—Private collection of Warren 
R. Eshbaugh of the University of Missouri. 


A RAYONNOCERAS FROM THE 
PITKIN LIMESTONE OF 
ARKANSAS 


In 1940 G. E. Condra and M. K. Elias 
found a large straight nautiloid in the Pitkin 
limestone of north-central Arkansas, and 
through their kindness it was made available 
to us for study. This specimen appears to be 
referable to Rayonnoceras, and it is the first 
representative of that genus to be recorded 
from the formation (see Easton, 1942, pp. 
84-86, for a list of the Pitkin fauna). 

The specimen under consideration (plate 
98, figure 2) is an internal mold to which 
adheres a replacement of a large fragment 


of the test. It is incomplete both orad and 
apicad, is only moderately well preserved, 
and is somewhat crushed. Nevertheless, it 
was almost certainly circular (or nearly so) 
in cross section, and it was gradually and 
regularly expanded orad. Its maximum 
over-all length measures about 413 cm. and 
its maximum width about 19 cm. 

Near the mid-length of the specimen, the 
test was about 34 mm. thick. No trace of its 
surface markings is discernible. 

This specimen is septate throughout its 
entire length, and it represents portions of 
18 camerae of a phragmacone. The sutures 
are essentially straight and directly trans- 
verse. 

At a break near the adapical end of the 
specimen, it can be seen that the siphuncle 
is central (or nearly so) in position and that 
its diameter measures about 23 mm. at its 
passage through a septum (which itself is 
about 135 mm. in diameter). The septal 
necks are strongly recurved, and the seg- 
ments of the siphuncle are greatly expanded 
within the camerae and are broadly num- 
muloidal in shape. 

The preservation of this specimen, and 
particularly that of its siphuncle, leaves 
much to be desired. We are therefore uncer- 
tain in regard to its specific affinities, but it 
appears to be considerably larger than any 
congeneric form that has previously been 
found in America (but not in Europe). Also, 
it may well be the youngest. It is preserved 
in dark gray crystalline limestone, which 
weathers light brownish gray. It came from 
a quarry on the south side of the highway 
about half a mile east of Leslie, Searcy 
County, Arkansas; and it is to be deposited 
in the collections of the Nebraska Geological 
Survey. 


A CEPHALOPOD FAUNA FROM THE 
REDWALL LIMESTONE OF ARIZONA 


In central Arizona, R. C. Gutschick col- 
lected some blocks of fossiliferous chert 
from the upper part of the Redwall lime- 
stone, and thirty of them, which contain 
cephalopods, were kindly loaned to us for 
study. Some of the specimens are external 
molds (from which we have made casts with 
a latex compound), others are internal 
molds, and a few are in part both. All are 
fragmentary and incomplete, and they leave 
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much to be desired. Nevertheless, it is clear 
that the fauna contains many nautiloids and 
a few ammonoids. 

Of the former, thirteen are more or less 
nondescript, moderately small, essentially 
smooth orthocones that are subcircular or 
broadly subelliptical in cross section and, in 
at least some cases, have small siphuncles 
which are not marginal in position. These 
are being lumped together and labelled 
Mooreoceras spp., though it is recognized 
that some of them almost certainly are not 
congeneric with the type species of that 
genus. Six similar specimens have prominent 
longitudinal ridges, and we are placing them 
with question in Thoracoceras. Two others, 
which appear to be slightly curved, are 
rapidly expanded orad, and they probably 
belong in Poterioceras. The fragment il- 
lustrated by figure 5 on plate 97 is part of 
an internal mold of a smooth subglobular 
tightly coiled phragmacone on which the 
external sutures are only slightly sinuous, 
and it is tentatively being referred to 
Liroceras (though its internal sutures appear 
to form broad dorsal saddles). The remain- 
ing six nautiloids (including those repre- 
sented by figures 12-15 on plate 99) are the 
most significant of the lot, and we are 
identifying them with little hesitation as 
Triboloceras digonum semicirculare Miller 
and Furnish, which was originally described 
from the Chouteau limestone of Missouri 
(where it is of widespread occurrence) and 
which has since been found in the Caballero 
formation of New Mexico. T. digonum 
(Meek and Worthen) has previously been 
known from only the Rockford limestone of 
Indiana, the Chouteau and Northview for- 
mations of Missouri, equivalent beds in 
Illinois, and the Caballero of New Mexico. 
Congeneric forms were long ago illustrated 
and described from western Europe and 
Soviet Russia, and the discovery of one in 
northeastern Kentucky is recorded else- 
where in the present report. At least all the 
American representatives of this genus, of 
which the age is definitely known, came 
from the Lower Mississippian, that is, the 
Kinderhook group or series. 

Only two ammonoids are present in the 
Redwall collections under consideration, 
and both of them are small external molds 
that are less than 15 mm. in diameter. Casts 


of these show that the conch, was subdis- 
coidal in shape; that the whorls were com- 
pressed, broadly rounded laterally, rather 
narrowly rounded ventrally, and much 
higher than wide; that the umbilicus was 
small but was almost certainly not closed; 
and that the internal sutures consist of a 
deep narrow spatulate dorsal lobe and on 
either side of it a high rather narrow U- 
shaped saddle, a relatively short more or 
less V-shaped lateral lobe, and a low broad 
rounded saddle that extends to the umbili- 
cus. These internal sutures, the nature of 
the umbilicus, and the shape of the conch 
suggest a relationship to Munsteroceras 
(which is characteristic of Kinderhook- 
Tournaician strata), but because the ex- 
ternal sutures of the Redwall specimens are 
unknown, their generic affinities can not be 
ascertained. 

Gutschick has written us that all the 
cephalopods under consideration came from 
the uppermost member (approximately 64 
feet thick) of the Redwall limestone in the 
fault scarp at Jerome Hill (SWj sec. 21, T. 
16 N., R. 2 E.) about a quarter to half a 
mile northwest of Jerome, Yavapai County, 
Arizona. He indicates that locally the top of 
the hill is covered with many fragments of 
fossiliferous rust-colored chert from this 
member, and these yielded, in addition to 
the cephalopods, representatives of the fol- 
lowing genera: Endothyra, Amplexus?, Sy- 
ringopora, Zaphrentis?, Camarotoechia, Com- 
posita, Cranaena?, Dielasma, Nucleospira, 
Rhipidomella, Shumardella, Conocardium, 
Myalina, Bellerophon, Loxonema, Strapa- 
rolus, Spirorbis, and Paraparchites. Further- 
more, he states that in the immediately 
underlying member, which consists prin- 
cipally of about 91 feet of light gray coarsely 
crystalline abundantly fossiliferous lime- 
stone, he found representatives of the genera 
Syringopora, Hapsiphyllum, Buxtonia, Rhi- 
pidomella, Spirifer, Loxonema, and Sira- 
parolus; and he believes this member to be 
Osagian (Burlington) in age, whereas he re- 
gards the underlying portions of the forma- 
tion as belonging in the Kinderhook. 

Our studies have been confined to the 
cephalopods. Taken by themselves, they 
seem to us to indicate that the containing 
beds are Kinderhookian in age and are the 
approximate correlative of the Caballero, 
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the Northview, the Chouteau, and the 
Rockford. None of the specimens militate 
against this conclusion. However, all of 
them are incomplete, and the great majority 
are not very satisfactory to study. Further- 
more, it should be kept in mind that very 
few cephalopods are known from typical 
Osagian strata, and therefore future col- 
lecting may show that the forms on which 
we are relying have a longer range than we 
now suspect. 

The collection on which the above dis- 
cussion is based is to be deposited at the 
University of Notre Dame. 


SOME CEPHALOPODS FROM TWO 
NEW LOCALITIES IN THE WHITE 
PINE SHALE OF NEVADA 


Since the completion of Youngquist’s 
recently published report on ‘‘The cephalo- 
pod fauna of the White Pine shale of 
Nevada,”’ and the supplement thereto, Fred 
L. Humphrey has sent in two small collec- 
tions of cephalopods from localities at which 
no specimens had been secured previously. 
Most of the material is rather fragmentary 
and poorly preserved in crystalline calcite, 
and it is firmly imbedded in blocks of hard 
limestone. 

However, from one of the _ localities, 
which is along the western edge of the White 
Pine Mountains, about three-quarters of a 
mile east of Green Springs and some eight 
miles south of Mount Hamilton, we have 
been able to recognize Alooreoceras sp., 
Gontatites choctawensis Shumard, and Gir- 
tyoceras aff. G. meslerianum (Girty). The 





single specimen that we are referring to the 
genus Mooreoceras is an internal mold of a 
portion of a straight phragmacone that is 
circular (or nearly so) in cross section, js 
about 30 mm. long, and has a maximum 
diameter of about 12 mm.; its siphuncle js 
small (at least at its passage through the 
septa) and is not quite central in position. 
Of the two goniatites that we were able to 
remove from the matrix, the one repre- 
sented by figures 7 and 8 on plate 99 seems 
to be a typical representative of Goniatites 
choctawensis; it is completely septate, and 
it has a maximum diameter of almost 11 
mm. and a corresponding width of conch of 
about 103 mm.—the shape of its sutures is 
elucidated by text figure 3A. The goniatite 
portrayed by figures 9 and 10 on plate 
99 is similar to equal-sized representatives 
of the genotype of Girtyoceras, G. mesleri- 
anum (Girty). The adoral portion of this 
specimen is crushed, but its maximum diam- 
eter (in its present state) measures about 
13 mm. The surface of its test bears rather 
prominent growth-lines which form shallow 
lateral and ventral sinuses; these are es- 
sentially parallel to sinuous transverse con- 
strictions present on the internal mold (and 
possibly also on the exterior of the test, 
where they are, however, not very promi- 
nent). The sutures, shown by text figure 3C, 
are in general similar to those of G. mesleri- 
anum but have a somewhat narrower ven- 
tral lobe and a narrowly rounded (rather 
than a pointed) lateral lobe. All of these 
specimens (and others that are too poorly 
preserved to permit identification) are from 


EXPLANATION OF PLATE 99 


Fics. 1-4—Girtyoceras aff. G. meslerianum (Girty). Two views of each of two specimens from the 
basal portion of the Heath formation on the northern flank of the Big Snowy Mountains 


of central Montana, X5 and X3, respectively. 


(p. 611) 


5, 6—Anthracoceras? humphreyi Miller, Downs, and Youngquist, n.sp. The holotype, from the 
White Pine shale about 5 miles west-southwest of Mt. Hamilton, White Pine County, 


Nevada, X2. 


(p. 610) 


7, 8—Gontatites choctawensis Girty. Lateral and ventral views of a well preserved completely 
septate internal mold from the White Pine shale about ? mile east of Green Springs, White 


Pine County, Nevada, X3. 


(p. 608) 


9, 10—Girtyoceras aff. G. meslerianum (Girty). Lateral and apertural views of a small testiferous 
specimen (the adoral portion of which is crushed) from the same horizon and locality as the 


last, <3. 


(p. 608) 


11—Imitoceras eshbaughi Miller, Downs, and Youngquist, n. sp. The holotype, from the Fern 


Glen formation at Fern Glen, Missouri, X1. 


(p. 604) 


12-15—Triboloceras digonum semicirculare Miller and Furnish. Two views of each of two speci- 
mens (figs. 14, 15 represent an artificial cast) from the Redwall limestone just northwest of 


Jerome, Arizona, X1}. 


(p. 607) 
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blocks of hard black finely crystalline lime- 
stone, collected from the upper portion of 
the White Pine shale about three-quarters 
of a mile east of Green Springs; that is, 
about eight miles south of Mount Hamilton, 
White Pine Mountains, White Pine County, 
Nevada. They are to be deposited in the 
U. S. National Museum. 

The other collection under consideration 


, 











Fic. 3—Diagrammatic representations of sutures of: 
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mm. long and a little more than 20 mm. 
wide) and several smaller specimens some 
of which have prominent fine transverse 
lines—none of these show the nature of the 
sutures or the siphuncle, and therefore even 
their generic affinities can not be ascertained 
with certainty. One small goniatite, which 
is firmly imbedded in the matrix, is only 
about 5 mm. in diameter, but nevertheless 


A 


A, Goniatites choctawensis Shumard, based on the specimen represented by figures 7, 8 on plate 


99 at a diameter of about 10 mm., X8; 


B, Anthracoceras? humphreyi Miller, Downs and Youngquist, n. sp., based on the holotype (pl. 
99, figs. 5, 6) at a diameter of about 13 mm., X7; and ; 
C, Girtyoceras aff. G. meslerianum (Girty), based on the specimen represented by figures 9, 10 on 


plate 99 at a diameter of about 8 mm., X10. 


came from a locality about 5 miles west- 
southwest of Mount Hamilton (of White 
Pine Range) along a road in the valley be- 
tween the Pancake and White Pine ranges, 
in White Pine County. It consists of repre- 
sentatives of Mooreoceras, Epicanites?, Ly- 
ragoniatites?, and Anthracoceras?. We are 
placing in Mooreoceras a large smooth frag- 
ment of an orthoceracone (that is about 50 


it forms five full volutions; the nature of its 
sutures is not revealed, but its general physi- 
ognomy suggests a relationship to Epica- 
nites. Three or four of the goniatites are 
fragmentary and not very well preserved 
but nevertheless retain part of the surface 
ornamentation of the test (see pl. 97, fig. 8), 
and it is reticulate and is reminiscent of that 
of Lyragoniatites. Also, the conch of this 
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form is moderately large (attaining a diam- 
eter of at least 45 mm.) and is subglobular 
in shape, as in Lyragoniatites, but, unlike 
typical representatives of that genus, the 
White Pine form has a very small umbilicus, 
which is probably closed. Its internal sutures 
consist of a narrow spatulate dorsal lobe, a 
rounded U-shaped first lateral saddle, a 
V-shaped first lateral lobe, and a broad 
rounded saddle that extends to the umbili- 
cus. However, its external sutures are un- 
known; and because of this fact, the small 
umbilicus, and the fragmentary nature and 
incompleteness of the specimens, we are un- 
able to determine the generic affinities with 
a reasonable degree of certainty—possibly 
they are with Goniatites de Haan or Neo- 
glyphioceras Briinning. All of the specimens 
discussed in this paragraph are preserved in 
hard black finely crystalline limestone; they 
came from the same horizon and locality as 
those we are describing below as a new spe- 
cies of Anthracoceras? ; and they are to be 
deposited in the U. S. National Museum. 

The several genera represented in the two 
Nevada collections under consideration are 
characteristic of a cephalopod fauna that is 
of widespread occurrence in the United 
States, being known from various localities 
in the White Pine shale of Nevada and 
California, the ‘‘Middle Mississippian”’ of 
Utah (Bacon, 1948, p. 1037), the Helms 
formation of west Texas, the Barnett shale 
of north-central Texas, the Caney shale of 
Oklahoma, the Moorefield-Ruddell-Bates- 
ville-Fayetteville beds of Arkansas, the 
“Meramec” of Kentucky (Miller and 
Furnish, 1940, pp. 356-366, pls. 45, 46), and 
the Rome shale of Georgia. The exact age 
of this fauna is difficult to determine be- 
cause only the basal portion of the Missis- 
sippian system carries a variety of cephalo- 
pods in its type area, the upper Mississippi 
Valley. Tentatively, we consider the con- 
taining beds to be of Meramec age. 


ANTHRACOCERAS? HUMPHREY! Miller, 
Downs, and Youngquict, n. sp. 
Plate 99, figures 5, 6 


The holotype of this species is a fairly 
complete rather well preserved internal 
mold which is about 21 mm. in diameter. 
It is subdiscoidal in shape as its whorls are 
flattened laterally, rather narrowly rounded 


ventrally, and deeply impressed dorsally, 
At the adoral end of the holotype. the conch 
is about 12 mm. high and 10 mm. wide. The 
preserved portion of the living chamber js 
a little more than three-quarters of a voly- 
tion in length. The umbilicus is small, in- 
conspicuous, and closed, and the umbilical 
shoulders are rounded and indefinite. 

The surface of the internal mold, where 
well preserved, appears smooth to the naked 
eye, but even at low magnification it can be 
seen to contain numerous closely spaced 
small shallow rounded pits so that it is 
reminiscent of the ‘‘runzelschicht”’ of nauti- 
loids. The outer volution of the holotype 
bears three prominent rounded sinuous con- 
strictions which form broad very shallow 
rounded lateral salients and similar but 
narrower ventral sinuses—the adoral con- 
striction is much larger than the other two. 
Also, on the surface of this internal mold 
there are traces of the increments of growth; 
they likewise form broad rounded lateral 
salients and narrower ventral sinuses, but 
they are not quite parallel to the constric- 
tions and are somewhat more strongly 
sinuous. 

As shown by text figure 3B, each external 
suture consists of a moderately large bifid 
ventral lobe, and on either side of it a nar- 
rowly rounded first lateral saddle, a rather 
large more or less V-shaped pointed first 
lateral lobe, and a broadly rounded saddle 
which extends to the umbilicus. The shape 
of the internal sutures is not known. 

Remarks.—The collection we are studying 
contains a rather poorly preserved specimen 
that is of about the same size and shape as 
the above-described holotype and is almost 
certainly conspecific with it. The fact that 
both of these specimens, from the same 
horizon and locality, are of approximately 
the same size, suggests that they are mature 
individuals. 

This species does not seem to us to be very 
close to the genotype of Anthracoceras, 
Dimorphoceras (Anthracoceras) discus Frech 
of the Middle Carboniferous of central 
Europe, nor to any other genotype. Never- 
theless, the general physiognomy of its 
conch and the shape of its sutures are similar 
to those of A. discus, and the chief difference 
is in the surface markings of the test, the 
taxonomic significance of which is question- 
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MISSISSIPPIAN CEPHALOPODS 


able. Accordingly, we are tentatively re- 
ferring the new species to Frech’s genus 
Anthracoceras, but are using an interroga- 
tion mark to call attention to our uncer- 
tainty in regard to its generic affinities. 
Comparisons with other species do not seem 
to be necessary, for none are very similar. 

Occurrence-—White Pine shale about 5 
miles west-southwest of Mount Hamilton 
along a road going down the valley between 
the White Pine and Pancake ranges, White 
Pine County, Nevada. 

Types.—U. S. National Museum. 


GONIATITES FROM THE HEATH 
FORMATION OF MONTANA 


Harold W. Scott loaned us for study 
about a dozen small ammonoids which he 


, 
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widely separated localities, and those in 
Montana, are not greatly different in age, 
and it is believed that the American ones 
are probably referable to the Meramec 
group. 

The largest of the specimens that we are 
identifying as Girtyoceras aff. G. meslerianum 
is illustrated by figures 3 and 4 on plate 99. 
Its maximum diameter measures about 12} 
mm., and near its adoral end its conch is 
about 6 mm. high and has a corresponding 
width of about 7 mm. The volutions are 
helmet-shaped in cross section, being 
rounded ventrally, flattened laterally, and 
rather deeply impressed dorsally. The um- 
bilicus is open, and its diameter is equal to 
about two-sevenths that of the specimen. 
The umbilical shoulders are abruptly 


Fic. #—Diagrammatic representation of a suture of Girtyoceras aft. G. meslerianum (Girty), based on 
the specimen represented by figures 3, 4 on plate 99 at a diameter of about 83 mm., X15. 


collected from the basal few feet of the 
Heath formation in the Big Snowy Moun- 
tains of central Montana. Most of these are 
almost certainly immature, and all but five 
of them are firmly imbedded in blocks of 
hard black limestone, which is abundantly 
fossiliferous. 

All of the free specimens and the great 
majority of those still imbedded in matrix 
seem to be referable to Girtyoceras, and they 
are similar to equal-sized representatives of 
the type species of that genus, G. mesleri- 
anum (Girty). In addition, two fragmentary 
external molds (which may represent only 
one individual) suggest an affinity with 
Cravenoceras of the type of C. hesperium and 
C. nevadense, both of Miller and Furnish. 
Girtyoceras and Cravenoceras are known to 
occur in association in the White Pine shale 
of Nevada, the Barnett formation of Texas, 
the Caney shale of Oklahoma, and probably 
the upper Viséan at various localities in 
western Europe and the British Isles. Pre- 
sumably the containing beds at all of these 


rounded, and the umbilical walls are very 
steep. The surface of the outer volution of 
this specimen, an internal mold, bears four 
prominent sinuous rounded transverse con- 
strictions which form rounded ventral and 
lateral sinuses and ventrolateral salients— 
they seem to extend to the umbilical shoul- 
ders but not to continue onto the umbilical 
walls. The adoral third of the outer volution 
of this specimen is septate, and as shown by 
text figure 4, each suture forms a moderately 
deep, more or less V-shaped but bifid ventral 
lobe and on either side of it a broad rounded 
first lateral saddle, a depressed-V-shaped 
but narrowly rounded lateral lobe, and a 
rather low rounded saddle which extends to 
a small subangular lobe on the umbilical 
wall. 

The relatively small conspecific individual 
(about 8 mm. in diameter) illustrated by 
figures 1 and 2 on plate 99 shows the 
nature of the surface markings of the test. 
The growth lines are fine and numerous and 
they are parallel to the sinuous transverse 
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constrictions which affect the exterior of the 
test as well as the internal mold, but are 
more prominent on the latter. Other small 
specimens in the collection under considera- 
tion also retain the test, or rather a replace- 
ment of it, and they show similar growth 
lines and sinuous constrictions. 

Except for the details of the sutures, these 
specimens do not seem to us to differ 
materially from typical representatives of 
Girtyoceras meslerianum in our collections 
from the Caney shale of Oklahoma, which 
yielded the syntypes. However, the ventral 
lobe of the sutures in the Caney specimens is 
much broader and the first lateral saddles 
are much narrower (cf. Miller and Furnish, 
1940, text fig. 11 on p. 367). 

The two fragments that are being re- 
ferred with question to Cravenoceras are ex- 
ternal molds of the ventral and ventrolateral 
portions of a form in which the conch at- 
tained both a diameter and a width of at 
least 10 mm. It was broadly rounded ven- 
trally and ventrolaterally and almost cer- 
tainly subglobular in shape, and its surface 
was marked by fine rather distantly spaced 
almost straight transverse lines. No trace of 
the sutures is present on either of these 
specimens, but the general physiognomy of 
the conch and particularly the nature of the 
surface markings of the test are reminiscent 
of C. hesperium and C. nevadense of the 
White Pine shale of Nevada. 

All of these specimens came from about 
404 feet above the base of the Big Snowy 
group, thatis, the basal portion of the Heath 
formation (zone 8 of Scott, 1935, p. 1025) on 
the northern flank of the Big Snowy Moun- 
tains in sec. 6, T. 12, N., R. 20 E., Fergus 
County, Montana. One of the unfigured 
representatives of Girtyoceras is being de- 
posited at the State University of lowa, 
where its catalogue number is 8108. The 
other specimens become the property of the 
University of Illinois, where they are num- 
bered X-1450 (pl. 99, figs. 1-4), X-1451 
(Cravenoceras? sp.), and X-1452 (unfigured 
representatives of Girtyoceras). 

Some 30 miles to the southwest, in the 
eastern portion of the Little Belt Moun- 
tains, Scott collected from beds that almost 
certainly also belong in the basal portion of 
the Heath formation a few small and prob- 
ably immature goniatites that appear to 


represent the same fauna. They are all less 
than 10 mm. in diameter, their preservation 
leaves much to be desired, and they do 
not reveal their sutures. Nevertheless, jn 
general physiognomy and in the nature of 
their sinuous transverse constrictions, they 
do not seem to differ materially from equal- 
sized specimens from the same formation jn 
the Big Snowy Mountains, which we are 
identifying as Girtyoceras aff. G. meslerianum 
(Girty). They came from about 304 feet 
above the base of the Big Snowy group 
about 4 miles due west of Judith Gap, 
Wheatland County, Montana; and they are 
to be deposited at the University of IIlinois, 
where they will be numbered X-1453. 
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THE CEPHALOPOD FAUNA OF THE WHITE PINE 
SHALE OF NEVADA: SUPPLEMENT 


WALTER YOUNGQUIST 
University of Idaho, Moscow, Idaho 





ABsSTRACT—Subsequent to the completion of the larger report on the White Pine 
cephalopod fauna, several additional forms, some of them not previously recorded 
from the White Pine shale, have been made available for study. These specimens 
were collected from two localities in the White Pine Mountains and are referable to 
the genera Mooreoceras, Cravenoceras, Epicanites, and Dimorphoceras. One new spe- 


cies is included. 





Sx the completion of the earlier report 
on the cephalopod fauna of the White 
Pine shale, additional material from two 
new localities in the White Pine Mountains 
has become available for study through the 
courtesy of Dr. Fred L. Humphrey. Al- 
though only about a half dozen specimens 
were collected, they represent four genera 
and one new species. These individuals 
constitute the basis for this supplement to 
the earlier and larger report. 

The first locality which yielded a part of 
the present collections is about one mile 
south of Eberhardt (‘“‘Eberhardt Mill’ of 
Hall and Whitfield, 1877), and some 200 
yards to the east of the mouth of Sherman 
Canyon. This locality is the same or very 
close to the place where Hague secured the 
White Pine cephalopods described by Hall 
and Whitfield in 1877. Those authors gave 
the location as ‘‘near Eberhardt Mill, White 
Pine, Nevada.’”’ Humphrey states that the 
specimens were secured ‘“‘probably in the 
upper half of the White Pine shale.”” From 
this place a representative of Cravenoceras 
hesperium Miller and Furnish was collected. 

The other location is in a ‘thin lime rib” 
about 200 feet below the top of the White 
Pine shale 4500 feet S. 70° E. of Green 
Springs; that is, about 8 miles south.of 
Mount Hamilton. Here the following cephal- 
opods were obtained: 

Mooreoceras spp. 
Cravenoceras hesperium Miller and Furnish 


Epicanites cf. E. loeblicht Miller and Furnish 
Dimorphoceras humphreyi, n. sp. 


A systematic treatment of these collec- 
tions follows. All of the specimens have been 
deposited in the U. S. National Museum. 


Acknowledgment is due Dr. Fred L. 
Humphrey of Stanford University for the 
loan of these specimens and for supplying 
pertinent stratigraphic information. Dr. 
A. K. Miller of the State University of Iowa 
has contributed technical advice as well as 
editorial suggestions. 


SYSTEMATIC PALEONTOLOGY 
MOOREOCERAS spp. 


The collections contain two fragmentary 
representatives of Mooreoceras, neither of 
which merits illustration. Both are internal 
molds which appear, however, to be specifi- 
cally distinct. At least the larger one is sep- 
tate and attained a minimum length of 41 
mm. 

Occurrence——White Pine shale near Green 
Springs, about 8 miles south of Mount 
Hamilton, White Pine County, Nevada. 

Repository.—U. S. National Museum. 


CRAVENOCERAS HESPERIUM Miller and 
Furnish 
Plate 100, figures 1—7 


Nuculoceras incisum [part] PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 15, 29, 30, 
33, 106-108, 109, 113, 383, 384, 399, pl. 7, figs. 
7-9, 11-14 [not 10]. 

Nuculoceras barnettense {part?] PLUMMER and 
Scott, 1937, Texas Univ. Bull. 3701, pp. 15, 
33, 106, 108-109, 110, pl. 7, figs. 15-18. 

Cravenoceras hesperium MILLER and FURNISH, 
1940, Jour. Paleontology, vol. 14, pp. 366, 
373, 374-375, pl. 46, figs. 1-8. 

Cravenoceras hesperium MILLER and YOUNG- 
guist?, 1948 Jour. Paleontology, vol. 22, pp. 
651-653, 656, pl. 95, figs. 7-9, 13, 14. 

Cravenoceras hesperium YOUNGQUIST, 1949, Jour. 
Paleontology, vol. 23, pp. 278, 279, 281, 291, 
pl. 59, figs. 4-16; pl. 60, figs. 1, 2, 8-15; pl. 
61, figs. 1-3, 10-12; pl. 62, figs. 1-6, 16-18; 
text fig. 1B. 
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Three well preserved individuals from two 
localities in the White Pine Mountains are 
referable to this species. The largest of these 
(figure 4), which came from near Eberhardt, 
preserves at least a full volution of living 
chamber and attains a maximum diameter 
of 29 mm. No traces of the sutures are visi- 
ble. At the adoral end of the outer volution, 
the conch is about 19 mm. wide and 10 
mm. high. The umbilical shoulders are 
abrupt and the umbilical walls are steep. 
The maximum width of the umbilicus is 
some 9 mm., that is, slightly less than a 
third the diameter of the conch. Although 
the test is not retained, traces of the growth 
lines are preserved on the internal mold. 
These indicate that they are transverse and 
form slight ventrolateral sinuses and shallow 
dorsolateral and ventral salients. There 
are four transverse constrictions on the 
outer volution of the conch; each constric- 
tion is about 2 mm. wide and parallels the 
growth lines. 

The second largest specimen (figures 5-7) 
is completely septate and has a diameter of 
10 mm. Maximum diameter of the umbilicus 
is 3 mm. The height and width of the adoral 
portion of the conch is about 4 mm. and 8 
mm., respectively. This individual resembles 
the largest specimen just described in all 
details except that there are only two con- 
strictions on the outer volution of the conch. 
Representatives of Cravenoceras usually 
show an increase in the number of constric- 
tions per volution in ontogenetic develop- 
ment and since this specimen represents a 
much more immature portion of the conch 
than does the individual represented by 
figure 4, the difference in the number of 
constrictions is readily accountable. In 
general, constrictions in goniatites are 
somewhat variable in their occurrence and 
they appear to have little taxonomic value. 

In addition, however, this second speci- 
men bears sutures which are readily discern- 
ible. These are typically those of Craveno- 
ceras; that is, the ventral lobe is relatively 
straight sided, and is divided by a small 
saddle which itself is bifid. The first lateral 
saddle is rather symmetrically rounded 
and the first lateral lobe is rather deep and 
acuminate. The second lateral] saddle is 
asymmetrically rounded and extends to the 
umbilical shoulder. Just inside the umbilical 
shoulder there is a small narrow lobe. 


WALTER YOUNGQUIST 


The smallest specimen (figures 1-3) jg 
likewise septate throughout and is about 9 
mm. in maximum diameter. In all available 
details it resembles the individual just de. 
scribed except for the presence of three 
rather than two constrictions on the outer 
volution of the conch. 

Occurrence.—White Pine shale near Green 
Springs, about 8 miles south of Mount 
Hamilton (figures 1-3, 5-7); and the same 
formation about 1 mile south of Eberhardt 
near the mouth of Sherman Canyon. Both 
localities are in the White Pine Mountains, 
White Pine County, Nevada. 

Figured specimens.—U.S. National Mvu- 
seum. 


DIMORPHOCERAS HUMPHREYI Young- 
quist, n. sp. 
Plate 100, figures 8-11 


The holotype of this species, the only 
representative of Dimorphoceras known from 
the White Pine shale, is preserved as an 
internal mold. It is septate throughout and 
the maximum diameter of the conch is about 
12 mm. At the adoral end of the outer 
volution, the conch is 7 mm. wide and 6} 
mm. high—being helmet-shaped in cross 
section. The depth of the impressed zone is 
approximately 2 mm. The umbilicus is small 
and closed. Faint traces of growth lines on 
one portion of the ventrolateral zone of the 
conch show that there they form a rather 
prominent ventrolateral salient; presumably 
they would therefore form lateral and ven- 
tral sinuses. 

Each suture forms a broad, deep, rather 
straight-sided ventral lobe which is divided 
by a high median saddle which in itself is 
bifid. Each secondary ventral lobe is divided 
by a low, pointed, asymmetrical, secondary 
ventral saddle. The first lateral saddle is 
large, high, and somewhat asymmetrically 
rounded. This is succeeded by the first 
lateral lobe which is unequally divided by a 
small pointed secondary saddle. The second 
lateral saddle is prominently asymmetrical 
and continues to the umbilical shoulder. The 
nature of the internal sutures is not known. 

The sutures of D. humphreyi distinguish 
it from other other congeneric forms. Species 
of Dimorphoceras fall into two general cate- 
gories; the first includes forms in which the 
lateral lobe is undivided. Examples of this 
type are D. gilbertsoni from the Viséan of 
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WHITE PINE CEPHALOPODS 


England, and D. politum (Shumard) of the 
lower Pennsylvanian of Illinois, Missouri, 
and Texas. The second group includes 
specimens in which the lateral lobe is di- 
vided by a small secondary saddle. This 
category includes D. discrepans (Brown) 
from both the Viséan and Namurian of Eng- 
land, and D. edwini Miller and Furnish 
from the Meramec series of Rockcastle 
County, Kentucky. D. humphreyi, n. sp., 
belongs in this latter group. However, it 
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Hamilton, White Pine County, Nevada. 
Holotype.—U. S. National Museum. 


EPICANITES cf. E. LOEBLICHI Miller and 
Furnish 
Plate 100, figures 12-15 


A single specimen in the collection appears 
to belong in the genus Epicanites and to be 
close to or conspecific with the forms de- 
scribed by Miller and Furnish from the 
Caney shale of Oklahoma. This White 





* 
Fall 


A 


Fic. /—Suture of (A) the holotype of Dimorphoceras humphreyi, n. sp., at a diameter of about 11 mm., 
from the White Pine shale of Nevada, X10. (B) Diagrammatic representation (from Miller and 
Furnish) of one of the adoral sutures of the holotype of Dimorphoceras edwini Miller and Furnish, 
ata diameter of about 8 mm., from the Meramec of Kentucky, X10. 


differs materially in its sutures from D. 
edwini, particularly in the form of the first 
lateral saddle, as well as in the height of the 
primary and secondary saddles which di- 
vide the ventral lobe (see text fig. 1). The 
sutures of D. humphreyi most nearly ap- 
proximate those of D. discrepans. Although 
detailed diagrammatic representations of 
sutures are not available for D. discrepans, 
it appears that the ventral saddle in that 
species is somewhat lower than in the White 
Pine specimen under consideration. In addi- 
tion, the first lateral saddle of D. humphreyi 
is asymmetrically inclined slightly umbilicad 
whereas that of D. discrepans, and particu- 
larly that of D. edwini inclines ventrad. 
Also, the secondary saddles of the ventral 
lobe of D. humphreyi, are appreciably 
larger than those of the British form. 
Occurrence.—White Pine shale near Green 
Springs, about 8 miles south of Mount 


Pine specimen is an internal mold which 
attains a maximum diameter of slightly 
more than 21 mm. Near the adoral end of 
the preserved portion of this individual, the 
conch is about 7 mm. wide and 8 mm. high. 
The conch is subdiscoidal in form and the 
whorls are slightly impressed dorsally. 
Early portions of the conch appear to be 
rounded ventrally and broadly rounded 
laterally; the more nearly mature parts be- 
come somewhat flattened laterally and the 
umbilical shoulders are relatively more dis- 
tinct. The umbilicus is open and attains a 
diameter of about 8 mm.—that is, slightly 
more than a third the maximum diameter of 
the conch. Very faint traces of growth lines 
impressed on the internal mold indicate 
that they were transverse and only slightly 
sinuous. 

In most available details this specimen is 
in close agreement with E. loeblichi of Miller 
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and Furnish. However, that specimen 
consisted of about four and one-half volu- 
tions at a diameter of 9 mm. This White 
Pine specimen consists of about the same 
number of volutions at a diameter of 21 
mm. However, since the ultimate volution 
of this specimen is very rapidly expanded 
orad this discrepancy is not so great as first 
appears. That is, at a diameter of only 12 
mm., it still consists of four volutions. No 
sutures are apparent on this individual 
so that comparisons of that important fea- 
ture can not be made with the Caney speci- 
mens. However, the individual under con- 
sideration in gross form at least is very 
close to the holotype of £. loeblicht and it 
seems likely that the two may be conspecific. 
Occurrence—White Pine shale near Green 
Springs, about 8 miles south of Mount 
Hamilton, White Pine County, Nevada. 


WALTER YOUNGQUIST 


Figured Specimen.—U. S. National My. 
seum. 
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EXPLANATION OF PLATE 100 


All specimens are from the White Pine shale in the White Pine Mountains of east-central Nevada. 

They are deposited in the U. S. National Museum. 

Fics. 1-7—Cravenoceras hesperium Miller and Furnish. Figures /—3, 3 views of a small specimen from 
a locality near Green Springs, about 8 miles south of Mount Hamilton, X4; figure 4, an 
individual retaining the living chamber, from an outcrop about 1 mile south of Eberhardt, 
X14; figures 5-7, 3 views of a portion of a phragmacone from the same horizon and locality 
as figures /-3, X2. (p. 613) 

8—11—Dimorphoceras humphreyi, n. sp. Four views of the holotype from a locality near Green 
Springs, about 8 miles south of Mount Hamilton, <3. (p. 614) 
12-15—Epicanites cf. E. loeblichi Miller and Furnish. A single specimen froma locality near Green 
Springs, about 8 miles south of Mount Hamilton, X2. (p. 615) 
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CONODONTS FROM THE LATE MISSISSIPPIAN 
PELLA BEDS OF SOUTH-CENTRAL IOWA 
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Asstract—Conodonts appear to be relatively rare in middle and upper Mississip- 
pian rocks and only a few specimens have been described from beds of that general 
age. A small assemblage has been secured from the type area of the Pella beds in 
south-central Iowa. The fauna contains representatives of six genera, Cavusgnathus, 
Gnathodus, Ligonodina, Lonchodina?, Prioniodus, and Spathognathodus. Six new 
species are established for some of the specimens. Cavusgnathus is the dominant 
generic element and comprises about half of the collection. Ligonodina and Prionio- 
dus are also common, but the other genera are comparatively rare. These conodonts 
can best be compared with those known from the Caney shale of Oklahoma. 





“prs ig of middle and upper Missis- 
sippian age are scarce and compara- 
tively few specimens have been noted or 
described in the literature. Furthermore, the 
references are scattered and consist in some 
cases of only a brief comment or two. Al- 
though the fauna under consideration i-, by 
Devonian or lower Mississippian standards 
(both notable times of conodont abundance) 
rather sparse, it is nevertheless one of the 
larger conodont assemblages known from 
the later Mississippian. 

Pander, the founder of conodont study, 
was the first (1856) to describe conodonts of 
possible middle or upper Mississippian age, 
but the exact horizon or horizons of the 
occurrences are uncertain. In 1900, Hinde 
described a small number of conodonts 
obtained from rocks of various ages and at 
several localities in the ‘Carboniferous 
limestone’”’ of western Scotland. Roundy 
(1926) illustrated and described a few 
conodonts from the Barnett shale of central 
Texas—strata which carry the goniatite 
genera Eumorphoceras, Gonitatites, Girtyo- 
ceras, and others which date the beds as 
about Meramec in age. A paper by Hermann 
Schmidt in 1934 called attention to the 
presence of conodonts in the Lower Namur- 
ian of Westphalia in the zone of Eumorpho- 
ceras bisulcatum. Schmidt did not treat the 
conodonts in detail and as_ individual 
specimens but regarded them as forming 
“assemblages’’—that is, several different 
genera and species of conodonts were pre- 
sumed to have been derived from a single 
organism. Each of these ‘‘assemblages’’ 


was named and Schmidt related them to 
fishes. Later the same year, Scott, writing 
on the possible zoological relationships of 
conodonts, illustrated specimens from the 
Heath formation (late Mississippian) of 
Montana. He, like Schmidt, treated the 
conodonts as ‘‘assemblages,”’ and, inciden- 
tally, concluded that they were probably 
annelid remains. Relatively the most exten- 
sive treatment of late Mississippian cono- 
donts has been by Branson and Mehl. In 
1941 they stated that the Caney shale of 
Oklahoma (p. 167) ‘‘seems to contain cono- 
donts in fair abundance in one or more 
zones,’ and they described and illustrated 
about 40 specimens. In this same paper 
Branson and Mehl indicate (p. 168) that 
they also had some conodonts from the 
Pitkin limestone of the same general region; 
four of these Pitkin conodonts were later 
illustrated and described by Branson and 
Mehl (1941b) as syntypes of a single species 
of Spathognathodus. Also in 1941, E. B. 
Branson and C. C. Branson (p. 131) in a 
discussion of the stratigraphy of the Wind 
River Mountains of western Wyoming 
noted that a ‘‘conodont fauna was recently 
discovered [in the Sacajawea formation] and 
is being studied.’ These authors apparently 
regarded the Sacajawea as either of Chester 
age or slightly older. What appear to be 
the youngest Mississippian conodonts so 
far described are those secured by C. L. 
Cooper (1947) from upper Kinkaid beds at 
the top of the Chester in southwestern 
Illinois. About a dozen conodonts were 
illustrated and described in a paper dealing 
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with the micro-fauna (largely ostracodes 
and Foraminifera) of these beds. These sev- 
eral papers constitute the literature of late 
Mississippian conodonts to date. For the 
sake of completeness, the small fauna of 
conodonts described from the Keokuk 
(Osage) by Branson and Mehl (1941a) 
should perhaps be mentioned, but that as- 
semblage is from beds which are somewhat 
older than the others just considered and 
which belong to the lower part of the Middle 
Mississippian. 

The conodonts of the present report do 
not constitute a very large collection—only 
some 220 specimens have been available 
for study and most of these are fragmentary. 
All the specimens were collected by Mr. 
C. B. Campbell of Knoxville, Iowa, and he 
got them from an exposure of shale in the 
type area of the Pella beds in the quarries 
about four miles south of Pella, Iowa, along 
the north bank of the Des Moines River. 
At this place the St. Louis limestone has 
been quarried, and that formation and the 
overlying Pella strata are well exposed. The 
Pella beds are chiefly light gray shales which 
carry an abundant and very beautifully 
preserved macro-fauna consisting of brachi- 
opods, gastropods, corals, and a few blas- 
toids and cephalopods. The micro-fossils 
include a large bryozoan fauna, numerous 
ostracodes, a few Foraminifera, and a very 
few conodonts. 

This assemblage of conodonts includes 
six genera, Cavusgnathus, Gnathodus, Ligo- 
dina, Lonchodina?, Prioniodus, and Spatho- 
gnathodus. Six new species are established 
for some of the specimens. About half 
of the total number of conodonts in the 
collection are referable to Cavusgnathus. 
Ligonodina and Prioniodus are fairly abun- 
dant whereas the other genera, particularly 
Gnathodus (represented by only one speci- 
men), are rather rare. The genus Hindeo- 
della, usually a very common element in 
conodont faunas of the middle and late 
Paleozoic, is noteworthy for its total ab- 
sence in our collection. This fact has a strik- 
ing near-parallel in the Caney fauna de- 
scribed by Branson and Mehl; those authors 
state that one (1941, p. 169) ‘‘of the sur- 
prising features of the fauna is the small 
number of hindeodellids.” 

The lack of any appreciable number of 
other late Mississippian conodont faunas 
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which might be used for comparisons makes 
the correlation of the Pella beds on the basis 
of conodonts difficult. A fairly close rela. 
tionship with the Caney shale is indicated, 
but this correlation may perhaps be more 
apparent than real inasmuch as the Caney 
conodont fauna is the only other late Mis- 
sissippian assemblage of any size that has 
so far been illustrated and described. As has 
been pointed out by Branson and Mehl 
(1941, p. 168), the Caney fauna lacks com- 
pletely such forms as Doliognathus, Poly- 
gnathus, Pseudopolygnathus, and _ related 
genera which are characteristic of parts of 
the Kinderhook, some of them also ranging 
well up into the Osage. Absent also are 
Idiognathodus and Streptognathodus which 
seem to appear early in the Pennsylvanian. 
Gnathodus is not a diagnostic genus for it 
ranges well down into the Mississippian and 
also extends up into the Pennsylvanian. 
Ellison (1946, fig. 1) has indicated that 
Cavusgnathus is confined to Chester and 
younger rocks. If so, the combination of that 
genus and Gnathodus (both found in the 
Caney and Pella beds) and the total absence 
of Idiognathodus and Streptognathodus would 
limit the Caney and Pella conodont faunas 
to a Chester age. However, the Caney shale 
carries the goniatite genera Eumorphoceras 
and Goniatites, and these two forms in 
direct association are generally believed to 
indicate a Meramec age for the containing 
strata (Weller, e¢ al., 1948, pp. 116-119). 
Therefore, the Caney fauna can probably 
be said to indicate that Cavusgnathus ranges 
down into the Meramec. In conclusion it 
can be said that the conodonts we are study- 
ing are indicative of either a Meramec or a 
Chester age for the Pella beds—present 
lack of published information on conodont 
faunas of this general age precludes a more 
nearly precise determination. 
Acknowledgment is due Mr. C. B. Camp- 
bell of Knoxville, Iowa, whose careful field 
and microscopic examinations of the Paleo- 
zoic rocks in the vicinity of Knoxville have 
resulted in the discovery of many new cono- 
dont faunas including these Pella specimens. 
Dr. H. R. Downs generously gave of his 
time to aid in photographing the conodonts. 
All the illustrations are photographs which 
were retouched by Mr. Howard Webster of 
Iowa City. This report was made financially 
possible by the Graduate College of the 
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State University of Iowa, and the Depart- 
ment of Geology and Geography, Univer- 
sity of Idaho. The type and figured speci- 
mens have been placed in the repository of 
the Geology Department at the State Uni- 
versity of Iowa. 


SYSTEMATIC PALEONTOLOGY 
CAVUSGNATHUS REGULARIS Youngquist 
and Miller, n. sp. 
Plate 101, figures 24, 25 


Specimen stout; blade short, platform 
large and high. A deep groove occurs me- 
dianly the length of the platform’s oral sur- 
face. Aboral margin of mid-portion of plat- 
form is flared laterally, chiefly on inner 
side. Escutcheon, except for a narrow cen- 
tral longitudinal groove, is wide and shallow. 
Blade consists of about five or six stout, 
laterally compressed denticles which are 
fused approximately three-fourths their 
length. These denticles are in a more or 
less regularly gradational series with the 
larger ones toward the posterior. The pos- 
terior two or three are approximately equal 
in size. 

This species is distinguished from our C. 
unicornis by its somewhat shorter and more 
compact form and by the rather regular 
series of denticles composing the blade in- 
stead of a prominent posterior denticle. 

The genus Cavusgnathus may occur in the 
Carboniferous of western Scotland for a 
similar specimen has been described and 
illustrated by Hinde (1900, p. 342, pl. 9, fig. 
5) as ‘Polygnathus navicula.”” Superficially 
it somewhat resembles our C. regularis al- 
though the illustration precludes satisfac- 
tory comparisons. Hinde’s specimen is 
stated to have come from the ‘Lower 
Limestones”’ of the Carboniferous limestone 
and this fact suggests that the specimen 
might possibly be referable to Taphrogna- 
thus, a genus which occurs somewhat lower 
in the Mississippian than does Cavusgnathus 
and may be ancestral to the latter. 

Occurrence—Pella beds 4 mi. south of 
Pella, Iowa. 

Types.—State Univ. lowa, 4172 (holotype, 
fig. 24), and 4173 (paratype, fig. 25). 


CAVUSGNATHUS UNICORNIS Youngquist 
and Miller, n. sp. 
Plate 101, figures 18-23 


Platform high, narrow, and deeply 


grooved orally. Both outer and inner para- 
pets are crenulated along their oral margins. 
Outer parapet extends anteriorly to form a 
short, high blade which is a fourth or less 
the total length of the specimen. Blade com- 
posed of about five to seven closely ap- 
pressed denticles which are more or less 
gradational in size with the exception of the 
posterior-most one, and increasing in magni- 
tude from anterior to posterior. Posterior- 
most denticle is appreciably larger and 
higher than any of the other denticles of 
the blade and it stands out from the rest 
of the series. Remaining denticles fused 
nearly to their apices and compressed later- 
ally. Aboral central portion of platform 
strongly flared laterally, more so on inner 
than on outer side, forming a flange-like 
structure. Entire specimen very gently 
bowed and arched. 

The horn-like appearance of the posterior- 
most denticle is the most distinctive fea- 
ture of our species and serves to distinguish 
it from C. cristata Branson and Mehl in the 
holotype of which there is no gradational 
series of denticles in the blade and one of 
the median rather than the posterior-most 
denticle is the most prominent. The frag- 
mentary specimen figured by Cooper (1947, 
pl. 20, fig. 9) may be closer to our C. uni- 
cornis than to C. cristata to which it has 
been related. Of all the described represen- 
tatives of Cavusgnathus, C. arca Sturgeon 
and Youngquist (1949, pl. 75, figs. 11, 12) 
from the Allegheny of Ohio appears super- 
ficially, at least, to be the closest to our late 
Mississippian form for it also has a large 
posterior denticle. However, the Allegheny 
species is considerably smaller, has a rela- 
tively longer blade and a relatively wider 
groove in the oral surface of the platform, 
and is much more arched than is C. unicornis 

Occurrence.—Pella beds 4 mi. south of 
Pella, Iowa. 

Types.—State Univ. Iowa, 4174 (holotype 
figs. 18, 19), 4175 (paratype, fig. 20), 4176 
(paratype, figs. 21, 22), and 4177 (paratype, 
fig. 23). 


GNATHODUS LIRATUS Youngquist and 
Miller, n. sp. 
Plate 101, figures 15-17 


Only a single representative of the genus 
Gnathodus occurs in our collection. It has a 
platform which is considerably expanded 
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laterally on the outer side (orientation based 
on the slight curvature of the blade and 
carina), but only slightly expanded on the 
inner side. The outer oral zone of the plat- 
form is relatively flat and is ornamented by 
irregularly spaced nodes. The inner side of 
the platform is curved orad forming a nar- 
row groove or furrow between the margin 
of the platform and the carina. The carina 
dominates the oral surface of the platform 
and is high, stout, and extends posteriorly 
well beyond the platform proper. Anteriorly, 
it grades into the blade. The carina is formed 
from a series of closely fused and somewhat 
compressed denticles which are only very 
slightly discrete distally, giving a crenulate 
appearance to the carina. Aborally, the plat- 
form is broadly excavated (see fig. 16). 

The blade of our holotype is incomplete 
anteriorly, but presumably it was very 
much like that structure in G. pustulosus 
Branson and Mehl (1941, pl. 5, fig. 35), from 
the Caney shale, which it somewhat re- 
sembles. Our form differs, however, in hav- 
ing the inner oral margin of the platform 
sharply curved orad forming a narrow fur- 
row between the edge of the platform and 
the carina; also the latter structure is stouter 
than in G. pustulosus. 


Occurrence.—Pella beds 4 mi. south of 
Pella, Iowa. 
Holotype.—State Univ. Iowa, 4178. 


LIGONODINA sp. 
Plate 101, figures 11-13 


Among the more than 200 conodonts in 
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our collection, Ligonodina is represented by 
about 30 individuals, all of which are frag. 
mentary. We are illustrating by inner 
lateral views the three which are the most 
nearly complete; all 30 of the specimens are 
quite similar. The cusp is long, rounded 
(although slightly compressed laterally), 
and it curves rather strongly posteriad. The 
posterior bar appears to have been rather 
short and preserved portions of it bear 
several small rounded denticles which are 
discrete to the places of insertion into the 
bar. The bar is flattened laterally and is 
slightly excavated aborally. The anticusp 
is deflected inward and in the specimen 
which retains relatively the largest portion 
of this structure (fig. 11), it is also dis- 
tally deflected aborad and is denticulate. 
The preserved portions of these specimens 
indicate that they are probably closely re- 
lated to or may be conspecific with L. 
tenuis Branson and Mehl of the Caney shale 
of Oklahoma. 

Occurrence.—Pella beds 4 mi. 
Pella, Iowa. 

Figured specimens.—State Univ. lowa, 
4179 (fig. 11), 4180 (fig. 12), and 4181 (fig. 
13). 


south of 


LONCHODINA? spp. 
Plate 101, figures 7, 8 


A few specimens in our collection are 
typically illustrated by two which are shown 
by our figures 7 (outer lateral view) and 8 
(inner lateral view). Although too frag- 
mentary to permit identification with cer- 





EXPLANATION OF PLATE 101 


All specimens are from the type area of the Pella beds, about 4 miles south of Pella, Iowa. The illus- 


trations are X40. 


Fics. 1-3— —- cristula Youngquist and Miller, n. sp. The holotype (fig. /) and two para- 


ypes. (p. 621) 
a spiculus Youngquist and Miller, n. sp. Outer lateral view of the —T 
(p. 6 
5—Spathognathodus bidens Youngquist and Miller, n. sp. Outer lateral view of the holoty “yo 
621 
6—Spathognathodus pellaensis Youngquist and Miller, n. sp. Outer lateral view of the re hs Ps 
(p. 62 
7, 8—Lonchodina? spp. Two specimens. (p. 620) 
9, 10—Prioniodus spp. Outer lateral views. See also fig. /4. (p. 621) 
11-13—Ligonodina sp. Inner lateral views of three individuals. (p. 620) 
14—Priontodus sp. Inner lateral view. See also figs. 9, 10. > 621) 
15-17—Gnathodus liratus Youngquist and Miller, n. sp. The holotype. p. 619) 


18-23—Cavusgnathus unicornis Youngquist and Miller, n. sp. The holotype, figs. 18, eter 
lateral view of a large individual, fig. 20. Oral and lateral views of a paratype, figs. 2/, 22. 


Outer lateral view of a paratype, fig. 23. 
24, 25—Cavusgnathus regularis Youngquist and Miller, n. sp. 


type. 


(p. 619) 
24) and para- 
(p. 619) 


The holotype (fig. 
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tainty, they are reminiscent of the general 
form of Lonchodina with the exception,, 
however, that our specimens are bowed in- 
ward rather than outward. The bar limbs 
appear to be subequal in length and the 
denticles are discrete, just as in the holotype 
of L. typicalis Ulrich and Bassler, the geno- 
type. Similar elements in the Caney cono- 
dont fauna have been noted by Branson 
and Mehl and referred to Lonchodina (1941, 
p. 171). These authors describe the speci- 
mens in part as ‘‘more or less doubly curved 
bars with long discrete denticles, none suff- 
ciently complete for positive identification. 
... The small number of such fragmentary 
specimens indicates that this genus is of 
minor importance in the [Caney] fauna.” 

Occurrence.—Pella beds 4 mi. south of 
Pella, Iowa. 

Figured specimens.—State Univ. Iowa, 
4182 (fig. 7), and 4183 (fig. 8). 


PRIONIODUS spp. 
Plate 101, figures 9, 10, 14 


Representatives of the genus Priontodus 
are fairly common in our collection but 
none of them are sufficiently complete to 
serve satisfactorily as holotypes. Never- 
theless, it seems clear that more than one 
species is represented and all may well be 
new. 

The individual illustrated by figure 9 has 
a cusp which is rounded in cross section, 
more narrowly so along the anterior and 
posterior margins than laterally. The aboral 
margins of the bar and of the cusp are ex- 
panded laterally—the cusp also has an an- 
terior-aborad flange-like extension. Entire 
specimen moderately arched. The denticles 
on the bar are rounded and discrete to their 
base. Figure 10 represents a somewhat 
similar individual (from an inner view) in 
which the denticles are more closely ap- 
pressed. Figure 10 also illustrates, as is the 
case of the previous specimen though not 
shown, the lateral expansion of the inner 
aboral margin of the cusp. Figure 14 shows 
a specimen which has a markedly com- 
pressed cusp which is attenuate in an aboral- 
anterior direction, forming a short anticusp. 
Both the cusp and denticles incline moder- 
ately posteriad; the denticles are rounded 
and discrete and the bar is compressed. 
Prioniodus varians Branson and Mehl of the 
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Caney shale has a laterally compressed bar 
but has a cusp which inclines anteriorly 
and denticles which are closely appressed. 

Occurrence.—Pella beds 4 mi. south of 
Pella, Iowa. 

Figured specimens.—State Univ. Iowa, 
4184 (fig. 9), 4185 (fig. 10), and 4186 (fig. 
14). 


SPATHOGNATHODUS BIDENS Youngquist 
and Miller, n. sp. 
Plate 101, figure 5 


This species is particularly characterized 
by the presence of two large denticles ap- 
proximately equal in size, in the position 
of the cusp. There are no denticles anterior 
to this place; posteriorly there are about 
eight low, stout denticles. The blade is 
small but relatively stout, although strongly 
compressed laterally. The entire specimen 
is gently bowed and the posterior portion 
of the blade is slightly arched. The base of 
the blade along its median portion bears 
narrow lateral flanges which encompass the 
broad but shallow escutcheon. 

Occurrence.—Pella beds 4 mi. south of 
Pella, Iowa. 

Holotype.—State Univ. Iowa, 4187. 


SPATHOGNATHODUS CRISTULA Young- 
quist and Miller, n. sp. 
Plate 101, figures 1-3 


Blade short, moderately arched, much 
compressed, composed of about 10 denticles 
fused nearly to their apices, and very slightly 
bowed. Base of blade broadly flared reach- 
ing maximum lateral extent about mid- 
length on the blade. Cusp equal in width to 
three or four of the denticles; no denticles 
appear to be present anterior of cusp. 

Superficially at least this species is per- 
haps closest to S. minutus Ellison which, 
however, is known from younger rocks. 
Our form can be distinguished by the fewer 
number of denticles posterior to the cusp, 
and particularly by the absence of denticles 
anterior of that structure. S. minutus is 
stated to bear three short denticles anterior 
to the cusp. 

Occurrence.—Pella beds 4 mi. south of 
Pella, Iowa. 

Types.—State Univ. Iowa, 4188 (holotype 
fig. 1), 4189 (paratype, fig. 2), and 4190 
(paratype, fig. 3). 
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SPATHOGNATHODUS PELLAENSIS Young- 
quist and Miller, n. sp. 
Plate 101, figure 5 


The illustrated holotype of this species 
appears to be complete in every detail. It 
consists of approximately 11 denticles 
which are rather uniform in size, although 
gradually increasing somewhat in magnitude 
toward the anterior. The cusp is only 
slightly larger than some of the larger denti- 
cles. No denticles are present anterior of the 
cusp. The anterior portion of the blade in 
lateral profile is terminated by nearly a 
right angle. The flared aboral margins of the 
blade are confined to the posterior half of 
the specimen. The blade as a whole is rela- 
tively stout, and is only very gently bowed 
and arched. 

S. commutatus Branson and Mehl from 
the Pitkin limestone and Caney shale of 
Oklahoma is somewhat similar to our S. 
pellaensis. However, our form can be dis- 
tinguished by the considerably fewer num- 
ber of denticles which are not so closely 
appressed as in the former species. Also, in 
a plesiotype of S. commutatus identified 
by Branson and Mehl (1941, pl. 5, fig. 19) 
the cusp is not terminal but is succeeded 
anteriorly by two additional denticles. This 
feature is also somewhat elucidated by one 
of the syntypes (Branson and Mehl, 1941b, 
pl. 19, fig. 3). In our S. pellaensis the cusp is 
terminal. What appears from the rough 
illustration to be a rather closely related 
form to our species, however, is the particu- 
lar specimen described by Hinde (1900, p. 
343, pl. 9, fig. 10) as Polygnathus scitulus 
from the ‘‘Upper Limestones”’ of the Car- 
boniferous limestone of western Scotland. 

Occurrence.—Pella beds 4 mi. south of 
Pella, Iowa. 

Holotype.—State Univ. Iowa, 4191. 


SPATHOGNATHODUS SPICULUS Youngquist 
and Miller, n. sp. 
Plate 101, figure 4 


Blade gently arched in posterior two- 
thirds; entire blade slightly bowed and 
composed of about 10 laterally compressed 
denticles posterior to the cusp which are 
sheathed by blade material nearly to their 
apices. These denticles are not closely 
appressed but retain their individuality 
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well down into the blade. A relatively high, 
sharp, narrow cusp is present and immedi: 
ately adjacent to it anteriorly there is a 
single denticle. The base of the blade js 
considerably flared laterally, except in its 
anterior-most portion and the escutcheon 
is broad and shallow. 

Occurrence.—Pella beds 4 mi. south of 
Pella, Iowa. 

Holotype.—State Univ. Iowa, 4192. 
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PEDIOCERAS, A SYNONYM OF CRIOCERAS (PSEUDOCRIOCERAS) 


KEITH A. YENNE 
Bogoté, Colombia 





HIS note is written in an attempt to 
ype some of the confusion which 
exists concerning the ammonite genus, 
Pedioceras. The synonymy of Pedioceras 
and Crioceras (Pseudocrioceras) has been 
previously suggested by Dr. Royo y Gomez 
(1945) in his paper on Barremian fossils of 
Colombia, but because this paper was 
written in Spanish and published in Colom- 
bia it may not have come to the attention 
of many English-speaking geologists and 
paleontologists working on the lower Cre- 
taceous. Dr. Royo’s observations have 
been verified by the writer, and as further 
proof of the synonymy, the suture line of 
Pedioceras is figured here for the first time. 

The genus Pedioceras was erected by 
Gerhardt in 1897. Three species were recog- 
nized: P. caquesensis (Karsten), P. uba- 
quensis (Karsten), and P. cundinamarcae 
Gerhardt, but none of the three was desig- 
nated as the genotype. All three species 
came from Colombia and Gerhardt (1897) 
gave their age as Neocomian. In later studies 
by Hyatt (1903), Roman (1938), and Imlay 
(1944), Pedioceras was described as an 
Aptian ammonite. 

Dr. Royo (1945) states that in Colombia 
Pedioceras is associated with Pulchellia and 
Nicklesia. The writer, likewise, has found 
Pedioceras only in strata which contain 
Pulchellia and Nicklesia. At least in Colom- 
bia therefore, the genus is probably limited 
to the lower Barremian. 

Also associated with Pedioceras are frag- 
ments of a large uncoiled ammonite which 
belongs to the subgenus Pseudocrioceras 
Spath. According to Royo (1945) Crioceras 
(Pseudocrioceras) is exceedingly variable 
and the three species of Pedioceras are ac- 
tually variations of one species of young 
Crioceras (Pseudocrioceras). The writer agrees 
with this but in addition believes the vari- 
ations are attributable to growth stages of 
the species. Thus the early neanic stage of 
Crioceras (Pseudocrioceras) ubaquense (Kar- 
sten), (the name proposed by Dr. Royo in 
1945 for all the forms of Pedioceras), has 


well-developed slightly sinuous ribs which 
are terminated near the ventral area by two 
small nodes. The venter is smooth. There 
are no nodes in the region of the umbilicus. 
The whorls are quadrate and moderately 
involute. Crioceras (Pseudocrioceras) uba- 
quense at this stage of development were 
called Pedioceras ubaquensis by Gerhardt. 
In the later neanic stages (Gerhardt’s 
Pedioceras caquesensis), the ribs continue 
across the venter, although they are sub- 
dued in the ventral region. Pedioceras cundi- 
namarcae Gerhardt represents the ephebic 
stage of Crioceras (Pseudocrioceras) uba- 
quense. The ribs have become more erratic, 
and major and minor ribs are evident. Ven- 
tral nodes have become faint or have disap- 
peared on the weaker ribs but are more 
prominent than before on the stronger ribs. 
For the first time there is a slight develop- 
ment of a node on some of the major ribs in 
the area of the umbilical shoulder. The 
gerontic stage has the form of a true Crio- 
ceras (Pseudocrioceras). Major ribs bearing 
three prominent nodes are separated by a 
variable number of minor ribs without nodes. 
The ammonite is no longer involute and the 
whorls are oval in shape rather than quad- 
rate. 

The suture line of a young Pedioceras 
found by the writer near Chipata4, Depart- 
mento de Santander, is further evidence of 
the synonymy. The genotype of Spath’s 
subgenus, Pseudocrioceras, is Crioceras abichi 
(Bacevic and Simonovic). Its suture line is 
unknown. However, Kilian (1913) states 
that Crioceras abichi belongs to his 
“Gruppe” of Ancyloceras matheronianum 
d’Orbigny. The similarity of the suture 
lines of Pedioceras and A. matheronianum 
is demonstrated on plate 102. The suture 
line of A. matheronianum is more complex, 
but the main points of ramification are the 
same. A difference in the complexity of the 
suture line is to be expected when the young 
stage of an ammonite genus is compared 
with the old stage of the same genus. 

In conclusion it must be pointed out that 
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one complete specimen of Crioceras (Pseu- 
docrioceras) ubaquense showing all the 
growth stages has not been found. In addi- 
tion, the amount of literature and type speci- 
mens available to the writer is limited. 
Nevertheless, it is believed that sufficient 
evidence exists to prove that the three spe- 
cies of Pedioceras are growth stages of 
Crioceras (Pseudocrioceras) ubaquense (Kar- 
sten). 

I am greatly indebted to Dr. Royo for 
permission to examine specimens belong- 
ing to the Colombian Geological Survey and 
to J. Wyatt Durham of the University of 
California with whom I corresponded con- 
cerning the suture line of Pedioceras. How- 
ever, I do not intend to imply that either 
paleontologist necessarily agrees with my 
conclusions. I also wish to thank the Tropi- 
cal Oil Company, Bogoté, Colombia, for 
permission to publish this paper. 
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EXPLANATION OF PLATE 102 


Fics. 1-6—Crioceras (Pseudocrioceras) ubaquense (Karsten). 1, Fragment demonstrating gerontic 
stage. Specimen No. 2-S27391 from roadcut three kilometers southeast of Villeta along 
Villeta-Bogot4 road. 2, 3, two views of specimen No. 7-S43011, late neanic stage, slightly 
crushed but showing development of ribs and the oval-shaped cross section of later whorl. 
4, specimen No. 6-S43011, early neanic stage. 5, specimen No. 8-S43011, early ephebic stage. 
6, specimen No. 5-S43011, ephebic stage. All specimens natural size; all except fig. J from 
locality 2 kilometers northeast of Chipata. (p. 623) 

7—Suture line of Ancyloceras matheronianum d'Orbigny (after Roman, 1938). (p. 623) 
8—Suture line of Crioceras (Pseudocrioceras) ubaquense (Karsten). Camera lucida drawing of 
suture line of specimen No. 6-S43011 (fig. 4). (p. 623) 

All specimens in the type collection of the Tropical Oil Company, Bogota, Colombia. 
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LITHOSTROTION FROM NORTHEAST BRITISH COLUMBIA 
AND ITS BEARING ON THE GENOMORPH CONCEPT 


D. J. McLAREN anp P. K. SUTHERLAND 


Geological Survey of Canada, Ottawa, and Phillips Petroleum Company, 
Bartlesville, Oklahoma 





ABSTRACT—The variation between the corallites in a fragment of a massive Mis- 
sissippian coral from northeast British Columbia embraces structures which are 
typically developed in Lithostrotion, Lithostrotionella and Thysanophyllum, The 
affinities of these and related forms are discussed. It is considered that Lithostro- 
tionella and Thysanophyllum are genomorphs of Lithostrotion but that Thysanophyl- 
lum is a polyphyletic form which may have arisen from several different lineages. 





INTRODUCTION 


HILE engaged in stratigraphical recon- 
PF canes for the Phillips Petroleum 
Company in northeast British Columbia 
during the summer of 1948, one of the au- 
thors (P. K. S.) collected a large fragment 
from a massive coral of the Lithostrotion 
type. The coral was in place in an 18 inch 
bed of finely crystalline grey limestone which 
occurs in an irregularly interbedded series 
of limestone and grey chert within 4 ft. of 
the top of the Mississippian section. The 
outcrop is located near the headwaters of 
Bull Creek, a tributary of the Prophet 
River, at a point some 6 miles south of the 
Muskwa River and approximately 26 miles 
west of Mile 202 on the Alaska Highway. 

An examination of thin sections made 
from the fragment disclosed that there were 
present in this one corallum three types of 
coral structure which had hitherto been re- 
ferred to distinct genera. These structures 
are developed in the genera Lithostrotion, 
Lithostrotionella, and Thysanophyllum. 

In this paper these “genera’’ are discussed 
together with others which have been con- 
sidered related to them at one time or 
another. It is believed that the Bull Creek 
specimen throws fresh light on their affini- 
ties and certain tentative conclusions are 
reached concerning them. The specimen is 
described, but no specific name is assigned 
to it as it is considered that the material is 
insufficient to justify a new name. 


THE GENOMORPH CONCEPT 


It has become increasingly clear since the 
beginning of this century that the classical 


ideas on taxonomy must, at least as far as 
corals are concerned, be highly modified. 
Vaughan (1905, p. 277), in a discussion on 
Lithostrotion remarked that the coral species 
recognized by Edwards and Haime (1852) 
represent a purely artificial classification. He 
listed the important structural modifica- 
tions which may affect various species of 
Lithostrotion and suggested that these 
changes are not of systematic importance. 
For instance, he recognized that Diphyphyl- 
lum lateseptatum McCoy and Lithostrotion 
martint Edwards and Haime have specific 
identity. 

Smith (1916, p. 237) drew attention to 
the fact that the term “‘species’’as applied 
to Paleozoic corals may not be used in the 
zoological sense, but is in all probability 
merely a convenient term to distinguish 
similarly constructed exoskeletons of ani- 
mals whose genetic make-up is quite un- 
known. He cited Matthai’s research on re- 
cent Madreporaria to support this conten- 
tion (1914). Lang carried this idea further 
in his concept of trends. In his papers 
(1923a, 1923b, 1939) he traced evolution in 
the Rugosa as a series of trends one or more 
of which is followed by every lineage. He 
considered a genus to be a convenient group- 
ing of similar forms which have reached the 
same stage of development in independent 
lineages (Lang, Smith & Thomas, 1940, 
p. 5). 

Smith and Lang (1930, p. 179) introduced 
the idea of a genomorph complementary to 
the trend concept. A genomorph does not 
constitute a true genus but is an expression 
of a trend ‘‘which some external or internal 
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1—Characteristics of Lithostrotion and other genera. 











LITHOSTROTION AND GENOMORPH CONCEPT 


stimulus has provoked to rapid develop- 
ment in a colony or in certain individuals 
of a colony.’’ They suggested that the indi- 
yidual genomorph is the forerunner of an 
evolution which may take place in closely 
or distantly related stocks and may give rise 
to new generic forms. They described two 
genomorphs of Lithostrotion in which the 
columella is lacking, the septa shortened 
and the tabulae flat or distally arched. A 
phaceloid Lithostrotion in which this trend 
is dominant was termed genomorph 
|\Diphyphyllum Lonsdale}; a cerioid Litho- 
strotion with the same trend became geno- 
morph {Diphystrotion Smith & Lang}. The 
most important point in their discussion is 
that a genomorph and a normal Lithostrotion 
can occur in the same cofrallum.! 

Hill (1934, p. 83), also in a discussion on 
the genus Lithostrotion, listed the possible 
developmental trends which this form might 
follow and noted that, except where they 
are mutually exclusive, all the various trends 
might be found in the same individual. It is 
more usual, however, for only one to be 
pronounced and such individuals may be 
united in ‘‘genomorphic groups.” 

The concept of the genomorph appears to 
have been accepted on this continent but 
there has been no standardized procedure 
for indicating when a generic name is being 
used in this sense. For instance, Sanford 
(1939, p. 405) merely listed genomorphs 
together with genera and sub-genera; Mer- 
riam (1942, p. 380) interposed the word 
genomorph between the generic and geno- 
morphic name; Kelly (1942, p. 358) recog- 
nized that Diphyphyllum is a genomorph 
but made no attempt to indicate this when 
writing the name of a species in full. Smith 
and Lang (1930, p. 180) originally suggested 
putting the genomorph and species name in 
braces behind the genus from which it was 
developed, e.g. Lithostrotion sp. {Diphyphyl- 
lum concinnum (Lonsdale)}. This has not 
had general acceptance and it is admittedly 
somewhat inconvenient. Smith has, how- 
ever, modified the original system himself 
(1945, p. 22). He places the genomorphic 
name, enclosed in square brackets, behind 


1 It is of interest to note that Smith (1945) has 
recently recognized genomorphs of several genera 
of Devonian corals. 
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the genus in the position of a subgeneric 
name, e.g. Disphyllum [Phacellophyllum| 
caespitosum (Goldfuss). He does not appear 
to suggest that a genomorphic name should 
always be placed in square brackets but 
rather that it may be used as a normal 
generic name in discussions. When assign- 
ing a species to its correct genus, however, 
the genus and the genomorph should be 
differentiated. In other words, in employing 
a genomorphic name the usage is analogous 
to that of a subgeneric name. It is suggested 
that this practice be adopted in dealing with 
a taxonomic problem which has no parallel 
in neontology and can thus have no counter- 
part in normal zoological nomenclature. 

Although the genomorph concept thus 
undermines the zoological reality of many 
of the rugose coral genera, nevertheless the 
use of existing names must continue since 
they are convenient for describing the vari- 
ous forms and are useful in stratigraphy. 


NOTES ON GENERA 


It is of value to summarize the main 
points of similarity and difference between 
the various genera in any way connected 
with the present study and which have at 
one time or another been considered related 
to Lithostrotion. This is most conveniently 
illustrated by figure 1, but it must be under- 
stood that no genetic significance is to be 
attached to the grouping, and that this 
is merely a way of showing morphological 
differences. The drawings on figure 1 are 
entirely diagrammatic but will serve to em- 
phasize the main similarities and differences 
of the genera. 

This figure summarizes two of the princi- 
pal changes possible in the Lithostrotion 
structure; those affecting the septa and 
those affecting the columella. In some genera 
the septa do not reach the epitheca but are 
separated from it by a zone of dissepimental 
tissue. At this stage the septa may either 
reach the centre of the corallite or extend 
only a part of the way into the tabularium. 
In other genera the columella structure de- 
parts from the simple styliform type and 
may be reinforced by septal lamellae and 
axial tabellae to form a compound central 
column. On the other hand it may be re- 
duced to a short discontinuous process 
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resting on successive tabulae, or it may be 
absent altogether. 


Genus LITHOSTROTION Fleming, 1828 


Phaceloid and cerioid rugose corals, 
which have, typically, a columella, long 
major septa, and large tent-shaped tabulae, 
usually supplemented at the theca by 
smaller and nearly horizontal tabulae. Dis- 
sepiments are well developed in the large 
species, but absent in the very small forms. 
Gemmation is non-parricidal. Diphymorphs 
of Lithostrotion have no columella, short 
septa, flat or distally arched tabulae, and in 
the phaceloid forms, parricidal gemmation 
(Smith and Lang, 1930, p. 178). 

Fleming’s original description of Litho- 
strotion striatum, the genolectotype stand- 
ardized by the International Commission of 
Zoological Nomenclature, Opinion 117, 
notes that ‘‘the rays of the stars unite with 
a small solid central axis.” In the interpre- 
tation of the genus various authors are 
unanimous in accepting as Lithostrotion 
forms in which the septa fall short of the 
columella as well as forms in which the 
major septa merge with it. This was noted 
by Vaughan (1905, p. 277): ‘“‘the septa ex- 
tend inwards, for a greater or less distance, 
along the upper faces of the tabulae.”’ 

Lithostrotion is known from the Lower 
Carboniferous? of North America, Eurasia 
and Australia, the Upper Carboniferous 
of Russia and the Permian of China. 


Genus SIPHONODENDRON McCoy, 1849 


Lang, Smith and Thomas (1940, p. 119) 
pointed out that this genus is identical 
with small phaceloid Lithostrotion species 
and considered it a synonym unless phace- 
loid and cerioid forms are separated. The 
genus has not received general recognition 
and it certainly seems inadvisable to sepa- 


2 The terms Lower and Upper Carboniferous 
are used rather than Mississippian and Penn- 
sylvanian in order to avoid confusion between the 
range of genera in America and Eurasia. The Mis- 
sissippian includes the Dinantian and also part 
of the Upper Carboniferous Namurian (approxi- 
mately zones E and H) of Europe. Lower Car- 
boniferous is thus used in a more restricted sense 
than Mississippian. 
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rate two genera on a single progressive char. 
acter such as the form of the corallum. 


Genus LITHOSTROTION [DIPHYSTROTION] 
Smith and Lang, 1930 


Genus LITHOSTROTION [DIPHYPHYLLUM] 
Lonsdale, 1845 


Respectively the cerioid and phaceloid 
diphymorphs of Lithostrotion. Diphyphyllum 
appears to be generally accepted as a geno- 
morph. Diphystrotion has been questioned, 
however, by Hill (1940, p. 161) who con- 
sidered it a synonym of Thysanophyllum. 

Following the line of reasoning applied 
to Siphonodendron it is not clear why two 
genomorphs were named for this modifica- 
tion of the lithostrotion form, particularly 
as Smith and Lang mention the possibility 
that both genomorphs may give rise to 
cerioid and phaceloid forms of Thysanophyl- 
lum respectively. 

Diphyphyllum is known from the Lower 
Carboniferous (Viséan) of Britain, Eurasia 
and Australia, possibly from the Upper 
Carboniferous of Russia and the Permian of 
Japan and China. It is unknown in America 
although various Silurian and Devonian 
species have been incorrectly assigned to the 
genus on this continent. Diphystrotion, if 
accepted, is only known from the Lower 
Carboniferous (Viséan) of Europe. 


Genus LITHOSTROTION [THYSANOPHYLLUM| 
Nicholson and Thomson, 1876 


Phaceloid and cerioid forms without 
columella. Septa separated from epitheca 
by a zone of dissepiments. Tabulae well 
spaced and almost flat. 

This form is described fully by Thomson 
(1880, p. 256). Garwood (1912, p. 262) re- 
marked on the great variation in the size of 
the corallites and on the fact that in young 
individuals there is a tendency for some of 
the septa to extend across the outer zone of 
vesicular tissue, i.e. the dissepimentarium. 
Hill (1940, p. 161) suggested that the genus 
might be polyphyletic and considered that 
possibly Lithostrotionella, as well as Diphy- 
strotion, is a synonym of Thysanophyllum. 

Thysanophyllum is known from the Lower 
Carboniferous of Eurasia, from the Upper 
Carboniferous of Russia, and the Permian 
of Russia and China. 
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Genus LITHOSTROTION [LITHOSTRO- 
TIONELLA] 
Yabe and Hayasaka, 1915 


A cerioid form in which the septa are sep- 
arated from the epitheca by a zone of dis- 
sepiments. Tabulae and columella identical 
with Lithostrotion. 

This form was described originally as a 
subgenus of Lithostrotion, but subsequent 
authors, including Hayasaka (1936), have 
raised it to generic rank. It seems to have 
received general acceptance except by Hill 
(1940, p. 161). In an earlier paper (1934, p. 
82) she suggested that Lithostrotionella 
might be a genomorph of Lithostrotion which 
had followed a lonsdaleoid trend. The 
danger of confusing this genus with Lons- 
daleia seems very great and it is important 
to note that the columella in Lithostrotio- 
nella is a simple median plate not combined 
with septal lamellae or axial tabellae. 
(Hayasaka, 1936, p. 51). 

Yabe and Hayasaka described the form 
of the corallum as being ‘“‘composite, mas- 
sive, composed of prismatic corallites.” 
Later writers also appear to have accepted 
the genus as applying to cerioid corals only. 

Lithostrotionella is known from the Lower 
Carboniferous of Eurasia, North America 
and Australia, from the Upper Carbonifer- 
ous of Russia and the Permian of China 
and North America. 


Genus DorLopotiA Salée, 1920 


This genus appears to be identical in 
internal structure with Lithostrotionella and 
it may well be a phaceloid form of that 
genomorph. It has been described from the 
Viséan of Belgium and is not widely repre- 
sented. Hill (1940), however, considered 
three species of Thysanophyllum from 
China, described by Yii (1933, p. 41), to be 
members of this genus. It may represent a 
separate development, or successive devel- 
opments, from phaceloid Lithostrotion spe- 
cies. 


Genus WAAGENOPHYLLUM Hayasaka, 
1924 


Phaceloid and cerioid forms with a clisio- 
phylloid axial column. Septa reach the 
epitheca which is thickened into a narrow 
stereozone; dissepimentarium wide, tabulae 
sometimes suppressed. 


Yabe and Hayasaka (1915, p. 96) de- 
fined this genus under the name Waagenella 
(preoccupied) and implied a relationship 
with Lithostrotion. Huang (1932, p. 43) and 
Smith (1935, p. 35) considered it allied to 
Lonsdaelia, which seems a much more 
reasonable supposition. 

Corwenia Smith and Ryder, 1926, a simi- 
lar form conveniently considered here, is 
best described as being a phaceloid coral 
with the form of a small Dibunophyllum. 
Smith (1935, p. 34) considered that the 
homeomorphy was probably due to parallel 
evolution. He summarized the differences 
between Corwenia and Waagenophyllum in 
that the former has a wider tabulate zone, 
a more loosely formed central column and 
smaller dissepiments than the latter. 

Waagenophyllum appears to be exclu- 
sively Permian from Asia and North Amer- 
ica, although Hayasaka (1924, p. 23) has 
suggested that one of his species might be 
from the Lower Carboniferous of Japan. 
Corwenia is from the Lower Carboniferous 
of Europe and has been reported from the 
Upper Carboniferous and Permian of Asia. 
The Permian forms have been claimed to be 
Waagenophyllum by Smith (1935, p. 34) 
and Hill (1939, p. 100), whereas Moore and 
Jeffords (1941, p. 96) considered that they 
belong to their new genus J/eritschia. 


Genus LONSDALEIA M’Coy, 1849 


Phaceloid and cerioid forms with a com- 
pound axial column composed of a median 
plate, septal lamellae and tabellae. Septa 
separated from epitheca by a zone of dis- 
sepiments. Tabulae inclined. 

Smith (1916) described this genus in full, 
including its morphology and ontogeny 
together with views on its phylogeny. The 
genus seems to be generally accepted for 
both phaceloid and cerioid forms. 

Lonsdaleia is known from the Lower Car- 
boniferous of Eurasia and North America 
and the Upper Carboniferous and Permian 
of Russia and China. 


CLASSIFICATION AND AFFINITIES 


All authorities are agreed that the differ- 
ence between Lonsdaleia and Lithostrotion 
is of family rank. The lonsdaleioid central 
column is plainly a very much more compli- 
cated structure than the simple columella 
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of Lithostrotion, and although both may well 
be polyphyletic, it seems unlikely that the 
simple gave rise to the more complex. This 
is supported by the stratigraphical evidence, 
in that Lonsdaelia appears at the top of the 
Tournaisian in Europe, whereas Lithostro- 
tion is not known below the Viséan. 

Although it is not intended to suggest 
that the one developed from the other 
Lonsdaleia is probably correctly associated 
with Waagenophyllum in the same family. If 
this is so, there is some doubt as to which 
family to assign both forms. Hill (1938, p. 
55) would put Lonsdaleia in a separate 
family, the Lonsdaleiidae, leaving Waageno- 
phyllum in the Clisiophyllidae. Corwenia 
appears similar to Waagenophyllum, but 
this may be entirely due to homeomorphy 
and the same may be said for the similarity 
between Corwenia and Dibunophyllum. 

Since all the genera m this discussion are 
defined, at least in part, on progressive 
characters, there seems no logical reason 
why the grouping into families should not 
follow similar principles. Rather than sepa- 
rate Waagenophyllum from Lonsdaleia, and 
rather than associate both with Dibuno- 
phyllum, it seems at least reasonable to 
include all the compound corals with a 
clisiophylloid axial structure in the same 
family until the true affinities of these forms 
are fully understood. This has the merit of 
not separating forms which have been con- 
sidered by various authors to be related. It 
is thus suggested that Waagenophyllum and 
Corwenia be included in the family Lons- 
daleiidae, as defined by Grabau (unpub- 
lished) and used by Huang (1932), but that 
the simple corals with clisiophylloid axial 
structures be removed from that family. 

In dealing with the Lithostrotiontidae 
the associations are more clearly defined. 
Granting that the generic name Lithostro- 
tion may be applied to phaceloid and 
ceroid forms, Smith and Lang have shown 
the relations of Diphyphyllum and Diphy- 
strotion as genomorphs of the genus. The 
very nature of a genomorph makes it inevi- 
table that different species of the same form 
are polyphyletic, but the name remains as 
a convenient descriptive term, and indeed it 
is usually impossible to say with which spe- 
cies of Lithostrotion a genomorphic species is 
associated. 
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Lithostrotionella has been considered by 
several authorities to be a development or 
even a genomorph of Lithostrotion and inter. 
mediate types occur in both genera. For 
instance the Australian species Lithostro. 
tion? columnare Etheridge (1900, p. 11) 
shows remarkable variations between coral- 
lites in the same corallum; in some the septa 
have retreated from the epitheca and the 
dissepiments are well developed in the inter- 
vening area. Benson and Smith (1923, p. 
169) noted this trend in other Australian 
Lithostrotion species. On the other hand, 
some Lithostrotionella species show a tend- 
ency for the septa to become united with 
the epitheca, e.g. L. stylaxis (Trautschold) 
as described by Dobroljubova (1935, p. 40) 
and in species described by Hayasaka (1936) 

In the Bull Creek coral described below, 
typical Lithostrotionella corallites occur in 
the same corallum and in close proximity 
to corallites with a normal Lithostrotion 
form. Lithostrotioneila in this instance is 
shown to be a true genomorph of Lithostro- 
tion and it is considered highly probable 
that many of its species are also geno- 
morphs. 

Little is known of Dorlodotia which seems 
a rare form, but it is at least possible that 
it developed from a phaceloid Lithostrotion. 

The affinities of Thysanophyllum are 
considerably more complex than those of the 
preceding genera. Carruthers has shown 
that Lonsdaleia floriformis Martin passes 
through a thysanophylloid stage in early 
life (in Garwood 1912, p. 563), and Smith 
(1916, p. 235) has demonstrated also that 
the neanic stage of L. duplicata (Martin) 
closely resembles T. pseudovermiculare (M’- 
Coy). On this evidence, both authorities 
suggest that Lonsdaleia may have actually 
developed phylogenetically from Thysano- 
phyllum. Hill (1940, p. 151), however, 
pointed out that the evidence was insufh- 
cient to decide that this had taken place. 
She maintained that there was an equal 
likelihood that the reverse could have oc- 
curred. On the other hand Smith and Lang 
(1930, p. 184) stated that Diphystrotion and 
Diphyphyllum “lead on to” a cerioid and 
phaceloid Thysanophyllum respectively, al- 
though the evidence for this is not clear. 
Finally, in the coral described below, typical 
Thysanophyllum corallites are associated 
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with Lithostrotionella and Lithostrotion coral- 
lites in one corallum. Thus Thysanophyllum 
seems a homeomorphic form which could be 
developed from or give rise to genera which 
are in different families and which have 
very different structures. 


DIRECTION OF TRENDS 


A question that naturally arises from the 
foregoing discussion is whether there is any 
evidence to show which of the various forms 
gave rise to the others. In other words, in 
which direction did the genomorphic trends 
operate? 

With Lonsdaleia there seems some evi- 
dence to suggest that the genus developed 
from a thysanophylloid form. This evidence 
necessarily assumes that the ontogeny of 
Lonsdaleia recapitulated its phylogeny, but 
the principle of recapitulation is difficult to 
apply and its application appears in this in- 
stance to be without proof. If a thysano- 
phylloid form is in any way associated with 
Lonsdaleia, it seems more in line with evi- 
dence from other groups that it arose from 
Lonsdaleia by a reduction of the columella. 
The ontogenetic evidence might equally 
well support this, the early growth-form 
being prolonged into maturity by simple 
neoteny. 

It would seem unlikely that the strati- 
graphically higher Waagenophyllum de- 
veloped from Lonsdaleia by the extension of 
the septa outwards to the epitheca. In 
the Lithostrotion-Lithostrotionelia association 
there is some evidence to suggest that the 
latter developed from the former by a with- 
drawal of the septa from the epitheca. Since 
it is improbable that a trend would operate 
in two directions, the structure of the com- 
pound axial columns of Waagenophyllum 
and Lonsdaleia may well have arisen inde- 
pendently. 

In the Lithostrotiontidae, Diphyphyllum 
and Diphystrotion have been shown to be 
associated as genomorphs with Lithostrotion. 
In the coral described below Lithostrotionella 
and Thysanophyllum are associated as 
genomorphs with Lithostrotion. It seems un- 
likely. therefore, that a Lithostrotion form 
developed independently from such forms as 
Diphyphyllum, Lithostrotionella and Thysano- 
phyllum. Lithostrotion appears to represent 
a generalized type, the structure of which 


was open to modification in various ways. It 
has unspecialized septa, a simple columella, 
and is considered to be the most primitive 
of the corals discussed. Thysanophyllum, on 
the other hand, exhibits a twofold simplifica- 
tion in its structure, being without columella 
and with the septa withdrawn from the 
epitheca. This might easily have arisen in 
various ways, by the operation of two 
simplifying trends in such forms as Lons- 
daleia and Lithostrotion. From Lithostrotion 
it could have developed in two ways de- 
pending on which trend was the first to 
operate, i.e. through Diphystrotion or 
through Lithostrotionella. It is thus hardly 
surprising that corals with a thysanophyl- 
loid structure have been associated by one 
authority or another with all of the above 
mentioned forms. Consequently it seems 
reasonable to conclude that Lithostrotion 
gave rise to extreme variations in certain 
definite directions which are distinguished 
as genomorphs, and that these genomorphs 
constitute anticipatory stages in the pos- 
sible evolution of the group. That Litho- 
strotion itself is polyphyletic is a possibility 
that cannot be excluded, nor at the present 
time can any light be shed on the circum- 
stances under which genomorphic variations 
take place. 


DESCRIPTION OF SPECIMEN 
LITHOSTROTION sp. 
Plate 103, text figures 2-4 


The corallum is cerioid and, as far as 
could be seen, was approximately 8 ins. high 
and 12 ins. in diameter. The single large 
fragment collected measured 5 ins. high, 

1 ins. wide and 6 ins. long. The corallites 
are prismatic and show little variation in 
adult size, the majority being between 3 
mm. and 4 mm. in average diameter. The 
epitheca shows faint longitudinal ridges and 
fine transverse striations. The calices have 
been destroyed by weathering on the upper 
side of the corallum. The corallites, which 
are well preserved, fall into three groups, 
between which there is complete gradation. 


Group I. The Lithostrotion type 
of corallite. 


There are 12 to 14 septa of each order, all 
of which are in contact with the epitheca. 
The lengths of the major septa vary, some 
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Fics. 2-4—Lithostrotion sp., Variation in coral- 
lites. 2, typical Group I corallite; 3, Group II 
corallite showing some septa still in contact 
with the epitheca and an increase in size of 
the dissepiments; 4, typical Group III coral- 
lite. X12. 
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reach the columella, but the majority end 
about halfway across the tabularium. Most 
of the minor septa reach across the dis- 
sepimentarium, but in some corallites they 
are very short. The dissepiments are well- 
formed and inclined downwards at about 30 
degrees towards the tabularium, one or two 
rows forming a dissepimentarium whose 
width varies from one-third to one-half of 
the radius. In transverse section the dis- 
sepiments form an inner wall which may be 
well-marked or broken and irregular be- 
tween adjacent septa. The tabulae are 
gently domed, some of them being incom- 
plete. Smaller tabulae may reinforce them 
at the edge of the tabularium. The columella 
is simple and may or may not be reached by 
septa. 


Group. II. The Lithostrotionella type 
of corallite 


The major septa number 12 to 14 and are 
usually similar to those of Group I, but do 
not reach to the epitheca, from which they 
are separated by a dissepimentarium. The 
minor septa are reduced or absent. The 
dissepiments are in some cases similar to 
those of Group I but in others show a reduc- 
tion in numbers and an increase in size. In 
corallites in which this reduction has taken 
place only a few large dissepiments show in 
transverse section. The tabulae and col- 
umella are similar to those in Group I. 


Group III. The Thysanophyllum 
type of corallite 


The major septa are similar to those in 
Group II, but are all withdrawn from the 
centre for at least half the radius of the 
tabularium. The dissepiments are reduced to 
a single row of large semicircular plates 
which form a conspicuous inner wall in 
transverse section. The tabulae are more 
widely spaced than in the other Groups, and 
are flat or very slightly domed. The col- 
umella is absent. 





EXPLANATION OF PLATE 103 


Fics. 1-9—Lithostrotion sp. Bull Creek, Prophet River, northeast British Columbia. Geological Sur- 
vey of Canada Collection, no. 9666. /, Fragment of corallum, X1. 2, Transverse section 
of four corallites showing the three types of structure developed. 3, Longitudinal section 
of corallites with Groups I or II septal structures. 4-6, 8, Transverse sections of corallites 
showing the variation between individuals and structures developed which approximate 
to Group I, II or III structures. 7, 9, Longitudinal sections of Group III corallites. Figs. 2-9 
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LITHOSTROTION AND 


Few of the corallites fall exactly into any 
of these three categories, although in gen- 
eral the Group II stage appears to be in- 
termediate. The appearance of the large 
dissepiments seems to be variable compared 
with the appearance of the Group II septal 
structure. In many of this type of corallite, 
small septa occur along the epitheca or along 
dissepimental plates, in line with but not 
joined to the septa inside the inner wall. 
Types intermediate between Groups I and 
Il have a varying number of septa joined 
with the epitheca, the remainder ending in 
the dissepimentarium. The proportions in 
which different types of corallites occur, as 
far as they can be differentiated are, very 
approximately: Group I 20 per cent, Group 
II 20 per cent, Group III 60 per cent. 

As far as can be judged there is no ap- 
preciable change during the ontogeny of the 
individual corallites, e.g. immature Group 
III corallites show no signs of columella or 
of the septa outside the inner wall. The evi- 
dence on this point is weak, however, as the 
part of the corallum collected had very few 
immature individuals in it and none of them 
were of the Lithostrotion type. 

The formation in which the fossil de- 
scribed above is found is sparingly fossilifer- 
ous. The fauna collected in association with 
the coral includes: 


Hapsiphyllum calcariforme (Hall) 
Neozaphrentis sp. 

Productus cf. arcuatus Hall 
“Orthotetes”’ sp. 


A horizon some 150 feet lower in the same 
section yielded: 
Dictyoclostus cf. burlingtonensis Hall 
Spirifer n. sp. (of the S. centronatus group) 


Schellwienella sp. 
Echinoconchus biseriatus (Hall) 


About 300 feet below the top of the sec- 
tion fossils were collected from the talus 
which included: 


Lithostrotion pauctradiale (M’Coy) 
Syringopora sp. 


The above assemblages suggest a Mis- 
sissippian age for the section, possibly 
Middle Mississippian. In the area in ques- 
tion, this formation is directly overlain by 
Triassic shales. 
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CONCLUSIONS 


1. In the massive Carboniferous coral 
from northeast British Columbia discussed 
in this paper, the variation between in- 
dividual corallites embraces structures which 
are typically developed in Lithostrotion, 
Lithostrotionella and Thysanophyllum. 

2. This appears to be a striking confirma- 
tion of the genomorph concept, a principle 
formulated by Smith and Lang to explain a 
similar phenomenon in Lithostrotion, Diphy- 
phyllum and Diphystrotion. 

3. Lithostrotionella is a genomorph of 
Lithostrotion. 

4. Thysanophyllum is a polyphyletic form 
which may have developed independently 
from Lonsdaleia, from Lithostrotion through 
Diphystrotion, or from Lithostrotion through 
Lithostrotionella. 

5. Lithostrotion is believed to be the 
parent stock of the genomorphic forms men- 
tioned, the various forms being developed 
by the action of two simplifying trends 
working at different relative rates. 
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AN APPLICATION OF THE ANALYSIS OF VARIANCE 
TO PALEONTOLOGY 


ROBERT L. MILLER 
Department of Geology, University of Chicago 





ABsTRACT—The analysis of variance, a statistical technique developed in recent 
years by R. A. Fisher and others, is described. It is believed to be a very useful 
tool in quantitative paleontology. An example of its application in a taxonomic 


problem is presented in detail. 





INTRODUCTION 


HE decision as to where to draw the line 

between likeness and difference within 
taxonomic groups, particularly species, has 
been almost exclusively based on subjective 
methods. The evaluation of morphologic 
variation should be removed from the realm 
of individual opinion, and treated quantita- 
tively because a true appreciation of varia- 
tion within a group is not possible without 
a statistical study. This is evidenced by the 
fact that conclusions regarding the limits 
and subdivisions of particular species have 
varied greatly from time to time. 

In this paper, a quantitative method for 
determining the presence or absence of 
heterogeneity within a group is described 
and demonstrated. This method, properly 
used, should replace subjective analyses in 
areas of study where measurements and 
their mathematical interpretation are pos- 
sible. The specific problem treated here is 
the differentiation of significant from non- 
significant morphological differences within 
a species, as based on the concept of proba- 
bility. 

No attempt has been made to restudy a 
species completely, because this would 
necessitate consideration of many matters 
not pertinent to this problem. 


MATERIAL 


In 1916 Haynes published the description 
of a new subspecies of Spirifer whitneyi Hall. 
In 1918 C. L. and M. A. Fenton published 
descriptions of three new subspecies of this 
same brachiopod and in 1924 they described 
and named two additional subspecies.! 


1 The word subspecies is used in this paper to 
include subdivisions that have commonly been 
called varieties. 


These descriptions are concerned only with 

external morphological characters and in 

each case the differences on which the 
authors based the new subspecies are sum- 
marized. 

As much of the original material (includ- 
ing types) for five of these subspecies is 
available in the collections of Walker 
Museum, a quantitative study of the sub- 
species and their relations to the typical 
form of the species provides a good test of 
the particular biometric methods thought 
best fitted to such a problem. 

The following specimens were studied: 
Spirifer whitneyi HALL, cat. nos. U.C. 3011, 3026, 

3026-8310, 8309, 20895, 20938, 20971, 25859, 

25960, 25862, 25863, 25900, 25901, 25902, 

25903, 26068. (Total of 82 specimens.) 
Spirifer whitneyi HALL, plesiotypes (Fenton) 

U. C. 26066, U. C. 26067. 

Spirifer whitneyi gradatus FENTON, 2 cotypes, 
U.C. 26027, 3 cotypes, U.C. 20022, 26025, 
26026. 

Spirifer whitneyi rockfordensis FENTON, holotype 
U.C. 26069, 2 specimens, U.C. 26070. 

Spirifer whitneyit productus FENTON, holotype 
U.C. 26022, plesiotype (Fenton) U.C. 26023, 
6 specimens, U.C. 25960, 25963. 

Spirifer whitneyt subsiduus FENTON, paratype, 
U.C. 26077, 2 paratypes, U.C. 26072. ' 

Spirifer whitneyi monticola HAYNES, 18 speci- 
mens, U.C. 28840. 


The Fentons’ specimens were collected 
from strata of the Hackberry Stage of the 
Devonian at several localities in lowa; the 
specimens of S. whitneyi monticola Haynes, 
came from the Three Forks formation, 
Three Forks, Montana. 


THE DATA 
Data that may be useful in statistical 
studies fall into the following categories: 


1. Measurements, i.e., length, width, thickness, 
angles. 
2. Counts, i.e., number of costae. 
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3. Distributions, i.e., pattern of papillae, striae. 
4. Presence or absence of certain characters, 
i.e., costae, papillae. 


The following measurements and counts 
were made for each. specimen studied ex- 
cept where the nature of its preservation 
made this impossible. 

1. Total length. 


2. Width measured along the hinge line (length 
of cardinal margin). 


12. 
13. 
14. 
1. 
16. 


17. 


18. 
19. 
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Width of delthyrium. 

Length of delthyrium. 

Radius of curvature of dorsal valve. 
Radius of curvature of ventral valve. 
Presence or absence of striae on the plica- 
tions. 

Presence or absence of convexity of anterior 
extremity of sinus. 

Presence or absence of papillae. 
Distribution of papillae (linear or random.) 


These data were used as a basis for deter- 


| 
/ 

















Fic. !—Anterior profile of Spirifer. In order to express the degree of curvature of the valves, circles 
are superimposed over the profile of the shell. The radius of such a circle is an approximate measure 
of the degree of curvature of the valve. ra=radius of curvature of dorsal valve, 7,=radius of curva- 


ture of the ventral valve. 


3. Thickness measured between the two widest 
points, normal to the plane of commisure. 


4. Number of lateral costae, from edge of sinus 
to cardinal angle. 

5. Number of costae in sinus. 

6. Number of costae on fold. 

Ts — between fold and hinge line (right 
side). 

8. Angle between fold and hinge line (left 
side). 

9. Angle between sinus and hinge line (right 
side). 

10. Angle between sinus and hinge line (left 
side). 


11. Volume in e.c. 


mining a series of characters treated by the 
analysis of variance. The term character as 
here used means specifically a descriptive 
condition or relationship which, in the 
opinion of the worker, may be logically used * 
as a basis for separating distinct taxonomic 
groups. A character may be based on a 
single measurement or count, or on com- 
binations of them as follows: 


I. Characters of shape and form. 
A. Ratio of length to width. 
B. Ratio of length to thickness. 


- — — a 








ANALYSIS OF VARIANCE 


. Ratio of width to thickness. 

. Sphericity .. . the ratio of the volume of 
the circumscribing sphere to the volume 
of the specimen.? This ratio gives a 
measure of the approach of the shape of 
the specimen to a perfect sphere. 

. Radius of curvature of the dorsal valve. 
(See fig. 1 and accompanying explana- 
tion.*) 

. Radius of curvature of the ventral valve. 

. Ratio of width of delthyrium to width of 
shell at hinge line. 

. Ratio of length of cardinal area to width 
of cardinal area. 


™ 90 


a Om 


II. Surface characters. 
A. Angle between sinus and hinge line, both 
right and left sides. 
B. Angle between fold and hinge line, both 
right and left sides. 
C. Number of lateral costae from edge of 
sinus to cardinal angle 
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within and between groups is considered to 
result only from chance. 

If, however, the sum of the variances be- 
tween groups exceeds the sum of the 
variances within groups, heterogeneity is 
present because the differences between 
groups is greater than can be attributed to 
chance alone. In other words, the differences 
between the individuals within the groups is 
not as great as the differences between the 
groups. If so, the foregoing hypothesis must 
be considered incorrect and the conclusion 
must be drawn that the groups were not 
derived from a single homogeneous popula- 
tion.® 

The formulae used have been adapted 
from Tippet, 1945, where 2(#,—%)? =the 





Sums of 
Squares 


| | 
Between groups | > (4. —z)? | m—ti 


Variation 





Within groups | >> > (x—3.) | m(n—1)=N-—m 
| | 


m=No. of groups 


Degrees of Freedom | Variance 


| 


> (%—#)? 


m—1 


| 
| 


N=total no. of indiv. inall 


groups m=no. in each array 
| 





The costae on the fold and in the sinus 
of some specimens bifurcate. This is not 
peculiar to any of the subspecies considered 
and consequently individual counts of costae 
on the fold and in the sinus are not neces- 
sarily comparable. 


APPLICATION OF ANALYSIS OF VARIANCE 


If each of the six subspecies of S. whitneyi 
(including the ‘‘typical”’ form) is treated as 
a separate group, the hypothesis may be 
considered that all of these groups came 
from the same population,‘ i.e. each is part 
of a single homogeneous species. In ac- 
cordance with this hypothesis, the variance 


?Krumbein and Pettijohn, 1938, pp. 283, 
292-294. 

3 Ibid., The technique used in measuring the 
radius of curvature is described in Krumbein and 
Pettijohn, 1938, p. 298. 

‘ The term population is used not in the bio- 
logical but in the statistical sense, including all 
the individuals which have ever existed as Spiri- 


fer whitneyi with respect to each of the charac- 


ters measured. This concept is inherent in the 
interpretations of probability that may result. 


deviation of the mean of each group from 
the grand mean (all groups treated as one) 
squared and summed for all groups. 
¢=grand mean, #=mean of group. 
Yz(x — #,)? =the sum of squares of the devia- 
tions of individuals from the mean of their 
group, summed for all groups. x =indi- 
vidual, #, = mean of group. 

The resulting variances are compared as a 


variance between 
=F. The use of F, 





ratio : eee 
variance within 


and a table for determining probability on 
the basis of a particular level of significance, 
are given by Snedecor, 1946, p. 212 ff. 

This method was applied in turn to each 
of the eleven characters previously listed 
and heterogeneity was indicated to occur in 
five. The next step was to determine for 
each of these five characters, which of the 
groups, i.e. subspecies, differed significantly 
from S. whitneyi s.s. This was done by com- 


5 A full discussion of the theory involved in the 
analysis of variance may be found in Fisher, 1946. 
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TABLE 1 


Results of the comparisons of the mean of S. whitneyi s.s. with the means of the subspecies listed, 

The five characters used for making a separation are shown in the column at the left. The values 

of ¢ with the proper number of degrees of freedom are entered in the table, and for comparison the value 

of tat .01 probability level is shown in parentheses. An asterisk indicates significantly large ¢ values, 

In all other cases the probability of the resulting ¢ value is given. In several tests the difference 
between means is so slight that it was not necessary to calculate ¢. 





——_— a, 





The mean of Spirifer whitneyi sensu strictu, versus the mean of: 
































Character | S. whitneyi S. whitneyi S. whitneyt S. whitneyi S. whitneyi 
| rockfordensis gradatus productus subsiduus monticola 
width | t=2.15 df. =85 d.f.=87 d.f. =86 d.f. =88 
Thickness ««|:«(Prob-=.05 © *t=4..20 *t=4.09 *t=2.86 *t=4.47 
— (| (2.63) (2.63) (2.63) (2.63) 
; | t=2.28 d.f.=79 d.f.=77 d.f.=82 
sphericity | prob.=.02 *t=4.09 *t=2.77 *t=4.79 
(2.64) (2.64) (2.64) 
—" | t=2.30 t=2.39 d.f.=86 d.f.=88 
—e - | prob. = .02 prob. = .02 *t=3.13 *t=4.93 
— | (2.63) (2.63) 
radius of curvature t=0.38 d.f.=77 d.f.=83 
(dorsal) prob. = .76 *¢t=7 .46 *+=13.10 
(2.64) (2.64) 
radius of curvature | d.f.=86 d.f.=86 
(ventral) *t=8 .33 *t=13.50 
(2.63) 


(2.63) 





paring the mean of each of these five char- 
acters for each subspecies in turn with the 
corresponding mean of S. whitneyi s.s. and 
testing for significant difference. 

For this comparison the hypothesis was 
considered that the two means come froma 
single homogeneous population. The test is 
made by calculating the difference between 
the two means divided by the standard 
error of the difference. This value occupies 
a position in a ¢ distribution and its signifi- 
cance can be determined from a table of 
probabilities.* The formula used is: 


mM, — Rie 
/ ox 
ae 
MN, No 
* A difficulty is presented by the choice of 
tables. The formula for the standard error of the 
difference between two means may be stated as 
follows; if the means of two samples have dis- 
tribution which are normal and independent then 
the quantity (mean;—mean;z) is normally dis- 
tributed with standard error; 


‘or? a: 
Om,-mg= A / —+— 
Nn M 


oo 





With respect to sphericity it was found 
that S. whitneyi monticola, S. whitneyi 
gradatus, and S. whitneyi productus, differ 
significantly in their means from S. whitneyi 
s.s. (A summary of results is given in Table 
1.) Thus a strong case is built up on the 
basis of heterogeneity within the species and 
significant differences of means, that the 
character of sphericity is valid for separat- 
ing the above named subspecies from S. 
whitney s.s. 


RESULTS 


Of the eleven characters tested by the 





However for small samples, the sample standard 
deviation is not an accurate estimate of the popu- 
lation parameter. Thus an error is introduced 
which increases as the sample size decreases, be- 
coming serious for samples consisting of less than 
ten specimens. 

Gosset, writing under the name of ‘Student”’ 
determined a probability distribution which is 
based on the sample standard deviation rather 
than the universe parameter. It, rather than the 
normal distribution, was used in this study in 
referring to tables of probability values. The ¢ 
table with appropriate degrees of freedom are 
given in Fisher, 1946. 
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ANALYSIS OF VARIANCE 


method of analysis of variance, only five 
gave any evidence of heterogeneity. These 
five characters were then tested separately, 
as explained above to determine which are 
responsible for the heterogeneity. A sum- 
mary of results is shown in Table 1. 

For comparative purposes characters em- 
phasized in the original description of the 
subspecies named by the Fentons and by 
Haynes are matched with the statistical re- 
sults of the present study. These characters 
are presented and are followed by the pres- 
ent author’s comments in parenthesis. 


I. Spirifer whitneyt rockfordensis Fenton and 

Fenton. 

1. Ratio of sizes of dorsaland ventral valves 
(not statistically significant). 

2. Width much less, thickness greater (not 
statistically significant). 

3. Cardinal area much narrower (not sta- 
tistically significant). 

4. Distinctive convexity of anterior exten- 
sion of sinus. (This character was tested 
for presence or absence in S. whttneyi s.s. 
and found present in varying degrees. 
Therefore it could not be considered de- 
finitive of the subspecies S. w. rockford- 
ensts.) 

On the basis of this study, this subspecies is 

not significantly different from S.whitneyt 


$2. 
II. Spirifer whitneyi gradatus Fenton. 

1. Considerably larger than S. whitneyi s.s. 
of the Hackberry. (Size, based on linear 
measurements is not significantly differ- 
ferent from S. whitneyi s.s., also the pres- 
ent author does not consider absolute dif- 
ference of size to be significant for com- 
parative purposes unless it can be estab- 
lished that equivalent growth stages are 
compared. The factor of differential 
growth rate introduces a serious compli- 
cation.) 

2..Shape similar to that of S. whitneyi 
rockfordensis, but dorsal valve has less 
development than ventral. (What the 
Fentons meant by shape is not clear. 
However, a significant difference from S. 
whitneyi s.s. is demonstrated on the basis 
of sphericity which is a shape character.) 

This seems to be a valid subspecies but it is 

not recognizable on the basis of characters 

mentioned by the original authors. 
III. Spirifer whitneyi productus Fenton and Fen- 
ton. 

1. General thinness of shell. (No absolute 
data are available on this character be- 
cause only type specimens are available 
and these could not be sectioned.) 

2. Regularity of convexity of valves. (It is 
not clear what the Fentons meant. 
Amount of convexity, measured by radius 
of curvature, shows no significant differ- 
ence.) 

3. Lack of cardinal projections of hinge line. 
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(This condition was also noted in speci- 
mens of S. whitneyi s.s.) 

4. Absence of heavy growth lines. (The pres- 
ent author did not attempt to make a 
relative measure of growth lines. The cor- 
relation of such variation with heredity 
factors is very doubtful.) 

5. Papillae different in shape and distribu- 
tion from those of S. whitneyi s.s. (The 
distribution of papillae does not differ 
statistically from that of S. whitneyi s.s. 
on the basis of tests of linear or non- 
linear distribution. Variation in shape of 
the papillae was not studied.) 

This subspecies does not seem to be recog- 

nizable on the basis of any of the characters 

mentioned above but the sphericity test 
indicates that it is distinct. 
IV. Spirifer whitneyi monticola Haynes. 

1. Greater rotundity than in the Iowa form 
of S. whitney s.s. (significant). 

2. Ratio of length to width measured along 
the hinge line, less than in S. whitneyi s.s. 
(significant). 

3. Ratio of lenzth to thickness less (sig- 
nificant). 

4. Fine striae on broad flattened radiating 
plications present only in S. whitney 
monticola. (This condition was not noted in 
any of the specimens of S. whitneyit s.s.) 

In addition the radius of curvature of both 

dorsal and ventral valves was found to be 

significantly greater than in S. whitneyit s.s. 

This subspecies is distinctly different from 

S. whitneyi s.s. and possibly it should be 

considered a distinct species, if morphology 

alone is to be considered. 


CONCLUSIONS 


The conclusions reached as a result of this 
study are of two types. The first is specific 
and has to do with the treatment of sub- 
species of Spirifer whiineyi Hall, used as an 
example in this paper. The second is general 
and is concerned with the validity and use- 
fulness of the methods described. 

Of the subspecies proposed by the Fentons 
and tested by the author, three stand up 
under statistical analysis, although not in 
every case on the basis of those characters 
described by the original authors. Some 
differences, which seem to be important, are 
shown by a statistical analysis to be of no 
significance. On the other hand statistical 
tests have brought to light differences that 
had not been noticed previously. The four 
subspecies which are reccgnizably distinct 
are S. whitneyi gradatus, S. whitneyi 
productus, S. whitneyi subsiduus, and S. 
whitneyt monticola. However, the fifth sub- 
species studied, S. whitneyi rockfordensis, 
cannot be statistically separated from S. 
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whitneyi s.s. either on the basis of the char- 
acters noted by the Fentons or additional 
characters tested by the present author. 

On the basis of characters measured and 
tested for significant differences, S. whitneyi 
monticola Haynes, was found to be the most 
sharply defined of the subspecies analyzed in 
this paper. 

Many articles have been written, chiefly 
in the field of vertebrate paleontology, in 
which quantitative methods have been 
used. Very few, however, have been con- 
cerned with the application of statistics to 
problems of a general nature. The purpose of 
this paper is to present a workable quantita- 
tive method for the breakdown of hetero- 
geneous groups. This method is useful not 
only in reanalyzing established groups, but 
also in the study of new forms. 

The method of analysis described here ap- 
pears to be a practical means for evaluating 
the significance of any apparent differences 
that can be expressed by measurements or 
counts. It should be particularly useful when 
applied to the problem of the recognition of 
new subspecies or species. Its successful use 
is dependent, however, upon the existence 
of a statistical standard. This requires a 
thorough statistical analysis of an adequate 
number of ‘“‘typical’’ specimens with which 
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other groups of specimens can be compared. 
The application of this method would be 
greatly facilitated if the descriptions of al] 
new species were accompanied by such a 
statistical analysis. 
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| . BIBLIOGRAPHY AND INDEX TO NEW GENERA, SPECIES, 
all AND VARIETIES OF FORAMINIFERA FOR THE 
ha YEAR 1948 
| HANS E. THALMANN 
| Caracas, Venezuela 
33, | 
ple Asstract—The following bibliography lists for the year 1948 three hundred and 
and twenty-one papers devoted partly or exclusively to Foraminifera. Several titles are 
eri. added for previous years. ; 
19- The Index to new genera, species, and varieties (subspecies) of Foraminifera for 
the year 1948 records as new: 2 families, 37 genera (including two nomina nova), 1 
shy subgenus, 301 species, 31 varieties, 15 nomina nova, 11 nomina nuda, 3 homonyms 
per of which one has already been changed during 1948, and 117 forms to which the 
ol nomenclatura aperta was applied. 
“ The three homonyms erected during 1948 are, as follows: 
re- Bolivina astoriensis Rau, preoccupied by Cushman, R. E. and K. C. Stewart, 
ow 1947 (1948). (According to a letter received by W. W. Rau, dated February 1, 
1949, this homonym will be changed to: Bolivina chehalisensis Rau, nom. nov.). 
yer Epontdes abatissae (Selli, 1944) var. multicameratus Petters and Gandolfi, preoc- 
hy cupied by Eponides multicameratus Kleinpell, 1938. (V. Petters has been re- 
vie | quested to substitute a new name by letter, dated March 22, 1949). 
y Planulina limbata Brotzen, preoccupied by Natland, 1938, and renamed during 
~ 1948: Planulina scanica Brotzen, nom. nov. 
~~ | The compiler regrets to state that little information regarding literature on 
Foraminifera published in Russia and several East-European countries has reached 
a og him since the war. An appeal is, therefore, made to all those workers in Foraminifera 
5 who may have access to Russian literature to kindly furnish pertinent data for the 
’ bibliography and index to the writer. 
m 
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Alabamina midwayensis Brotzen, nom. nov., 
Sver. geol. Unders. Ser. C, No. 493, Arsbok 
42, No. 2; p. 99, pl. 16, figs. 1, 2; text fig. 26-B 
(not text fig. 25). Paleocene, Sweden. New 
name for: Pulvinulina exigua (Brady) in 
Plummer, agg’ Univ. Texas Bull. 2644, p. 
150, pl. 11, fig. 3. (For further synonymies see 
original paper). 

solndsensts Brotzen, tbid., Arsbok 42, No. 
2, p. 102, pl. 16, fig. 4. Paleocene, Sweden. 

Allomorphina paleocenica Cushman, Cushman 
Lab. Foram. Res., Contr., vol. 24, p. 45, pl. 8, 
fig. 10. Paleocene, Texas. For: Allomorphina 
trigona (Reuss) in Plummer, 1926 (1927), 
Bull. Univ. Texas 2644, p. 129, pl. 8, fig. 5; 
for same species in Kline, 1943, Bull. 53, 
Miss. State Geol. Surv., p. 56, pl. 6, figs. 1, 2; 
and for same species in Cushman and Todd, 
1946, Cushman Lab. Foram. Research. Contr., 
vol. 22, p. 63, pl. 11, figs. 11 and 15. 

AMMOASTUTA gen. nov. Cushman and Bron- 
nimann, Cushman Lab. Foram. Res., Contr., 
vol. 24, p. 17. Fam. Lituolidae. Genotype: 
Ammoastuta salsa Cushman and Bronnimann, 
ut infra. Recent (brackish water). 

salsa Cushman and Bronnimann, 1bid., 
vol. 24, p. 17, pl. 3, figs. 14-16. Recent, brack- 
ish water, West coast of Trinidad, B.W.I. 

Ammobaculites dilatatus Cushman and Bronni- 
mann, tbid., vol. 24, p. 39, pl. 7, figs. 10, 11. 
Recent, Gulf of Paria, 0-2 fathoms, Trinidad, 
B.W.I. 

directus Cushman and Bronnimann, 1bid., 

vol. 24, p. 38, pl. 7, figs. 3, 4. Recent, Gulf of 

Paria, 0-2 fathoms, Trinidad, B.W.I. 

diversus Cushman and Bronnimann, ibid., 

vol. 24, p. 38, pl. 7, figs. 5, 6. Recent, Gulf of 

Paria, 0-2 fathoms, Trinidad, B.W.I. 
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——— exiguus Cushman and Bronnimann, ibid., 
vol. 24, p. 38, pl. 7, figs. 7, 8. Recent, Gulf of 
Paria, 0-2 fathoms, Trinidad, B.W.I. 

—— exilis Cushman and Bronnimann, ibid., 
vol. 24, p. 39, pl. 7, fig. 9. Recent, Gulf of 
Paria, 0-2 fathoms, Trinidad, B.W.I. 

—_—— pseudocassis Cushman and Bronnimann, 
ibid., vol. 24, p. 39, pl. 7, fig. 12. Recent, West 
coast of Trinidad, B.W.I. (brackish water). 

salsus Cushman and Bronnimann, 1b1d., 

vol. 24, p. 16, pl. 3, figs. 7-9. Recent, West 

coast of Trinidad, B.W.I., (brackish water). 

var. distinctus Cushman 
and Bronnimann, tbid., vol. 24, p. 40, pl. 7, 
figs. 13, 14. Recent, Gulf of Paria, Trinidad, 
B.W.I., 0-2 fathoms. 

Ammodiscus gullmarensis Héglund, nom. nov., 
ibid., vol. 24, p. 45. New name for: Ammo- 
discus planus Héglund, 1947 (non Loeblich, 
1946), Zool. Bidr. Uppsala, vol. 26, p. 123, pl. 
8, figs. 2, 3, 8; pl. 28, figs. 17, 18; text figs. 85— 
89, 105, 106, 109. Recent, North Sea. 

Amphimorphina gracilis Cushman and_ Todd, 
ibid., vol. 24, p. 3, pl. 2, figs. 1, 2. Upper Eocene, 
Mississippi. 

miocenica Cushman, State of Maryland, 
Board of Nat. Resources, Dept. of Geol. etc., 
Bull. 2, p. 220, pl. 15, figs. 16-18. Miocene, 
Maryland. For: Amphimorphina sp. Cushman 
and Ponton, 1932, Bull. 9, Florida State Geol. 
Surv., p. 75, pl. 11, figs. 4-6. 

Angulogerina agrestis Todd, in Cushman and Mc- 
Culloch, Allan Hancock Pacific Exped., vol. 6, 
no. 5, p. 288, pl. 36, fig. 6. Recent, Pacific, off 
California, 17 fathoms. 

albatrosst Cushman, 1932, var. hirsuta 

Todd, in Cushman and McCulloch, ibid., vol. 

6, no. 5, p. 278, pl. 35, fig. 4. Recent, Pacific, 

60 fathoms. 

carinata Cushman, 1927, var. vana Todd, 

in Cushman and McCulloch, 2b7d., vol. 6, no. 

5, p. 287, pl. 35, fig. 10. Recent, Pacific, off 

California, 285 fathoms. 

charapotoensis Cushman and Stevenson, 

Cushman Lab. Foram. Res., Contr., vol. 24, 

p. 63, pl. 10, fig. 8. Miocene, Ecuador. 

cuneata Brotzen, Sver. geol. Unders., Ser. 

C, No. 493, Arsbok 42, no. 2, p. 64, pl. 6, fig. 10. 

Paleocene, Sweden. 

elliptica Dorreen, Jour. Paleontology, vol. 

22, p. 293, pl. 38, fig. 9. Upper Eocene, New 

Zealand. 

exigua Cushman, State of Maryland, 

Board of Nat. Resources, Dept. of Geol. etc., 

Bull. 2, p. 238, pl. 15, fig. 13. Eocene, Mary- 


land. 






































fornasinii Selli, Soc. Ital. Sci. Nat. Atti, 

vol. 87. (described and figured, but not seen by 

the compiler). 

hughesi (Galloway and Wissler, 1927) var. 
picta Todd, in Cushman and McCulloch, Allan 
Hancock Pacific Exped., vol. 6, no. 5, p. 290. 
pl. 36, fig. 3. Recent, Pacific, off California, 60 
fathoms. 

Anomalina clementina (d’Orbigny, 1840), var. as- 
similis Cushman and Bermudez, Cushman Lab. 





Foram. Res., Contr., vol. 24, p. 74, pl. 12, fig. 

17. Paleocene, Cuba. 

cubana Cushman and Bermudez, ibid., 

vol. 24, p. 86, pl. 15, figs. 7-9. Paleocene, Cuba. 

(Cave: Anomalina cubensis van Bellen, 1941). 

madrugaensis Cushman and Bermudez, 

ibid., vol. 24, p. 86, pl. 15, figs. 4-6. Paleocene, 

Cuba. 

martinezensts Cushman and Bermudez, 

ibid., vol. 24, p. 74, pl. 12, figs. 14-16, Paleo- 

cene, Cuba. 

praespissiformis Cushman and Bermudez, 

ibid., vol. 24, p. 86, pl. 15, figs. 1-3. Paleocene, 

Cuba. 

sigmocosta ten Dam, Jour. Paleontology, 

vol. 22, p. 189, pl. 32, figs. 23, 24. Neocomian, 

Holland. 

tenuissima (Reuss, 1856) var. jongmansi 
van Bellen, nom. nov., Cushman Lab. Foram. 
Res., Contr., vol. 24, p. 76. Eocene, Dalmatia. 
New name for: Anomalina tenuissima (Reuss) 
var. evoluta van Bellen, 1941, (non Anomalina 
variolata d’Orbigny var. evoluta Walther, 1888), 
Proc. Nederl. Akad. Wetensch., vol. 44, p. 
1001, fig. 25. 

Anomalinoides aspera Brotzen, Sverig. geol. 
Unders., Ser. C, No. 493, Arsbok 42, no. 2, p. 
88, pl. 15, fig. 4. Paleocene, Sweden. 

nobilis Brotzen, tbid., Arsbok 42, No. 2, 
p. 89, pl. 19, fig. 5. Paleocene, Sweden. 

Arenobulimina miéhrent Brotzen, ibid., Arsbok 
42, No. 2, p. 35, pl. 6, fig. 1. Paleocene, Sweden. 

Arenodosaria kaiataensts Dorreen, Jour. Paleon- 
tology, vol. 22, p. 287, pl. 36, fig. 5. Upper 
Eocene, New Zealand. 

Astacolus gryit Brotzen, Sverig. geol. Unders., 
Ser. C., No. 493, Arsbok 42, No. 2, p. 44, pl. 7, 
fig. 6; text figs. 8 e-g. Paleocene, Sweden. 

paleocenicus Brotzen, ibid., Arsbok 42, 
No. 2, p. 43, pl. 7, fig. 7; text figs. 8 a—d. Paleo- 
cene, Sweden. 

Asterigerina cyclops Dorreen, Jour. Paleontology, 
vol. 22, p. 297, pl. 40, fig. 5. Upper Eocene, New 
Zealand. 

nérvangi Brotzen, Sverig. geol. Unders., 
Ser. C., No. 493, Arsbok 42, No. 2, p. 126, pl. 
18, figs. 4, 5. Paleocene, Sweden. 

ATAXOPHRAGMOIDES gen. nov. Brotzen, 
tbid., Arsbok 42, No. 2, p. 35. Family not 
stated (Valvulinidae). Genotype: Ataxophrag- 
moides frankei Brotzen, 1948 ut infra. Upper 
Maestrichtian, Danian and Paleocene. 

frankei Brotzen, ibid., Arsbok 42, No. 2, 

p. 36, pl. 5, fig. 6. Paleocene, Sweden. For: 

Bulimina variabilis Franke, 1927 (non d’Or- 

bigny, 1840), Danmarks Geol. Unders., vol. 2, 

No. 46, p. 11, pl. 1, fig. 7. 
































Baggina washingtonensis Rau, Jour. Paleontol- 
ogy, vol. 22, p. 779, pl. 119, figs. 24-27. Lower 
Miocene, Washington, U.S.A. 

BIGLOBIGERINELLA gen. nov. Lalicker, ibid., 
vol. 22, p. 624. Family Globigerinidae. Geno- 
type: Biglobigerinella multispina Lalicker, 1948, 
ut infra. Upper Cretaceous. 

——— multispina Lalicker, ibid., vol. 22, p. 624, 
pl. 92, figs. 1-3, Upper Cretaceous, Arkansas. 
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Boldia carinata Cushman and Bermudez, Cush- 
man Lab. Foram. Res., Contr., vol. 24, p. 75, 
pl. 11, figs. 11-13. Paleocene, Cuba. 

cubensts Cushman and Bermudez, 1b7d., 

vol. 24, p. 74, pl. 11, figs. 15, 16. Paleocene, 

Cuba. 

madrugaensis Cushman and Bermudez, 
tbid., vol. 24, p. 75, pl. 12, figs. 4-6. Paleocene, 
Cuba. 

Bolivina astortensis Rau, Jour. Paleontology, vol. 
22, p. 778, pl. 119, fig. 7. Lower Miocene, Wash- 
ington. (Note: The species name of Rau was 
published on December 31, 1948 and becomes, 
therefore, a homonym of Bolivina astoriensts 
Cushman, Stewart and Stewart, 1947, State of 
Oregon Dept. Geol. and Min. Industr., Bull. 
36, pt. 2, p. 47, pl. 6, fig. 3, from the Miocene 
Astoria formation of Oregon, published May 
28, 1948. According to a letter received from 
W. W. Rau, dated February 1, 1949, the hom- 
onym will be changed to Bolivina chehalisen- 
sts Rau, nom. nov.) 

calvertensis Dorsey, State of Maryland, 

Board of Nat. Resources, Dept. of Geol. etc., 

Bull. 2, p. 306, pl. 36, fig. 17. Miocene, Mary- 

land. 














charapotoensis Cushman and Stevenson, 

Cushman Lab. Foram. Res., Contr., vol. 24, 

p. 61, pl. 10, figs. 1, 2. Miocene, Ecuador. 

dispar Cushman and Stevenson, 1bid., 

vol. 24, p. 60, pl. 9, fig. 35. Miocene, Ecuador. 
ecuadorana Cushman and _ Stevenson, 
ibid., vol. 24, p. 60, pl. 9, figs. 33, 34. Miocene, 

Ecuador. 

grantt Rankin, 1934, var. denticulata 

Cushman and Stevenson, tbid., vol. 24, p. 59, 

pl. 9, fig. 37. Miocene, Ecuador. 

édumi Brotzen, Sverig. geol. Unders., 

Ser. C., No. 493, Arsbok 42, no. 2, p. 65, pl. 9, 

figs. 3, 4. Paleocene. Sweden. 

— paleocenica Brotzen, ibid., Arsbok 42, 

No. 2, p. 66, pl. 9, fig. 5. Paleocene, Sweden. 

scintillo Cushman and Todd, Cushman 

Lab. Foram. Res., Contr., vol. 24, p. 4, pl. 2, 

fig. 5. Upper Eocene, Mississippi. 

thalmanni H. H. Renz, Geol. Soc. Ameri- 
ca, Mem. no. 32, p. 120, pl. 12, fig. 13. Basal 
Miocene, Falcon, Venezuela. 

Bolivinopsis (Spiroplectoides) scanica Brotzen, 
Sverig. geol. Unders., Ser. C, No. 493, Arsbok 
42, No. 2, p. 54, pl. 6, fig. 3; text fig. 14. Paleo- 
cene, Sweden. 

BONTOURINA gen. nov. Caudri. Jour. Paleon- 
tology, vol. 22, p. 477. Family Orbitoididae. 
Genotype: Bontourina inflata Caudri, 1948, ut 
infra. Paleocene. Pro: Hexagonocyclina Caudri, 
1944 (non Exagonocyclina Checchia-Rispoli, 
1908), Bull. Amer. Paleontology, vol. 18, No. 
114, p. 12. 

inflata Caudri, ibid., vol. 22, p. 477, foot- 
note 8. No description; pl. 173, fig. 6; pl. 74, 
fig. 5. Reworked Paleocene in Upper Eocene, 
Trinidad, B.W.!. 

BROECKINELLA gen. nov. Henson, Larger 

Imperforate Foram. S.-W. Asia (Brit. Mus. 

Nat. Hist.), p. 92. Family: Meandropsinidae. 
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Genotype: Broeckinella arabica Henson, 1948, 

ut infra. Maestrichtian. 

arabica Henson, tbid., (Brit. Mus. Nat. 
Hist.), p. 93, pl. 7, fig. 6; text fig. 13. Maestrich- 
tian, Arabia. 

Bulimina aspero-aculeata Brotzen, Sverig. geol, 
Unders., Ser. C, No. 493, Arsbok 42, No. 2, 
p. 60, pl. 6, fig. 4; pl. 10, figs. 6, 7. Paleocene, 
Sweden. 

ecuadorana Cushman and _ Stevenson, 

Cushman Lab. Foram. Res., Contr., vol. 24, 

p. 58, pl. 9, figs. 25, 26. Miocene, Ecuador. 

falconensis H. H. Renz, Geol. Soc. Ameri- 

ca, Mem. no. 32, p. 121, pl. 6, fig. 15. Upper- 
most Oligocene, Falcon, Venezuela. For: Bul- 

tmina buchtana Cushman and Ponton, 1932 

(non d’Orbigny, 1846), Florida State Geol. 

Surv., Bull. 9, p. 78, pl. 12, fig. 1. 

(Reussella) paleocenica Brotzen, Sverig, 

geol. Unders., Ser. C. No. 493, Arsbok 42, 

No. 2, p. 61, pl. 6, figs. 5, 6. Paleocene, Sweden. 

rosenkrantzt Brotzen, ibid., Arsbok 42, 

No. 2, p. 61, pl. 9, fig. 1; pl. 10, fig. 5. Paleo- 

cene, Sweden. 

uvigeriniformis Cushman and Kleinpell, 
1934, var. charapotoensts Cushman and Steven- 
son, Cushman Lab. Foram. Res., Contr., vol. 
24, p. 58, pl. 9, fig. 24, Miocene, Ecuador. 

Buliminella constrictula Brotzen, Sverig. geol. 
Unders., Ser. C, No. 493, Arsbok 42, No. 2, 
p. 58, pl. 10, figs. 1, 2. Paleocene, Sweden. 

ecuadorana Cushman and_ Stevenson, 

Cushman Lab. Foram. Res., Contr., vol. 24, 

p. 57, pl. 9, figs. 19, 20. Miocene, Ecuador. 

elegantissima (d’Orbigny, 1939) var. lim- 

bosa Cushman and McCulloch, Allan Hancock 

Pacific Exped., vol. 6, no. 5, p. 238, pl. 29, fig. 

5. Recent, Pacific, off Peru, 22 fathoms. 

(———) var. tenuis Cushman 

and McCulloch, zbzd., vol. 6, no. 5, p. 238, pl. 

29, fig. 6. Recent, Pacific, off California, 20 

fathoms. 

parvula Brotzen, Sverig. geol. Unders., 

Ser. C., No. 493, Arsbok 42, no. 2, p. 57, pl. 10, 

figs. 3, 4. Paleocene, Sweden. 



































Ceratobulimina tuberculata Brotzen, Sverig. geol. 
Unders., Ser. C, No. 493, Arsbok 42, No. 2, 
p. 124, pl. 19, figs. 2, 3. Paleocene, Denmark. 

Chrysalidinella spectabilis Cushman and McCul- 
loch, Allan Hancock Pacific Exped., vol. 6, 
no. 5, p. 256, pl. 32, figs. 1-7. Recent, Pacific, 
off Lower California, 50 fathoms. 

Cibicides ekblomi Brotzen, Sverig. geol. Unders., 
Ser. C., No. 493, Arsbok 42, no. 2, p. 82, pl. 
13, fig. 2. Paleocene, Sweden. 

elmaensis Rau, Jour. Paleontology, vol. 

22, p. 173, pl. 31, figs. 18-26. Upper Eocene, 

Washington. 

falconensis H. H. Renz, Geol. Soc. Amer- 

ica, Mem. no. 32, p. 128, pl. 11, fizs. 6, 7. Lower 

part of Upper Oligocene, Falcon, Venezuela. 

— lalickeri Cushman and Todd, Cushman 

Lab. Foram. Res., Contr., vol. 24, p. 37, pl. 6, 

figs. 35-37. Eocene, Cook Mountain formation, 

Mississippi. 

madrugaensis Cushman and Bermudez, 
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ibid., vol. 24, p. 87, pl. 15, figs. 10-12. Paleo- 
cene, Cuba. 

_—— mammilatus Brotzen, Sverig. geol. Un- 
ders., Ser. C., No. 493, Arsbok 42, no. 2, p. 81, 
pl. 10, fig. 15. Paleocene, Sweden. 

—— marylandicus Shifflett, State of Maryland, 
Board of Nat. Resources, Dept. of Geol. etc., 
Bull. 3, p. 74, pl. 5, figs. 4-6. Lower Eocene 
(Wilcox), Maryland. 

mirificus Cushman and Bermudez, Cush- 

man Lab. Foram. Res., Contr., vol. 24, p. 88, 

pl. 16, figs. 1-3. Paleocene, Cuba. ; 

perforatus (Karrer, 1864) var. notocentcus 

Dorreen, Jour. Paleontology, vol. 22, p. 299, pl. 

41, fig. 4. Upper Eocene, New Zealand. 

reprimatus Cushman and _ Bermudez, 

Cushman Lab. Foram. Res., Contr., vol. 24 

p. 87, pl. 15, figs. 13, 14. Paleocene, Cuba. 

sahlstrémt Brotzen, Sverig. geol. Unders., 

Ser. C., No. 493, Arsbok 42, no. 2, p. 85, pl. 17, 

fiz. 1. Paleocene, Sweden. 

salsoensts Petters and Gandolfi, Riv. Ital. 

Pal. e Strat., vol. 54, fasc. 3, p. 11, pl. 1, fig. 5. 

Oligocene, Italy. 

simplex Brotzen, Sverig. geol. Unders., 

Ser. C., No. 493, Arsbok 42, no. 2, p. 83, pl. 13, 

figs. 4, 5. Paleocene, Sweden. 

succedens Brotzen, ibid., Arsbok 42, No. 

2, p. 80, pl. 12, fig. 1; text fig. 21. Paleocene, 

Sweden. For: Cibicides cryptomphalus (Reuss) 

var. hercegoviensis de Witt Puyt, in ten Dam, 

1944, Mededeel. Geol. Sticht. Haarlem, Ser. 

C., vol. 5, No. 3, p. 132, pl. 5, fig. 9. 

umbilicata Brotzen, ibid., Arsbok 42, no. 

2, p. 84, pl. 13, fig. 6. Paleocene, Sweden. 

vortex Dorreen, Jour. Paleontology, vol. 
22, p. 299, pl. 41, fig. 5. Upper Eocene, New 
Zealand. 

Cibicidoides proprius Brotzen, Sverig. geol. 
Unders., Ser. C, No. 493, Arsbok 42, No. 2, p. 
78, pl. 12, figs. 3, 4. Paleocene, Sweden. For: 
Cibtcides praecursorius (Schwager) in Toulmin, 
1941, Jour. Paleontology, vol. 15, p. 610, pl. 81, 
figs. 19, 20; and for: Cibicides cryptomphalus 
(Reuss) in ten Dam, 1944. Mededeel. Geol. 
Sticht. Haarlem, Ser. C., vol. 5, no. 3, p. 132, 
pl. 1, fig. 4. 

Coleites abuillotensis Cushman and Bermudez, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 83, pl. 14, figs. 1, 2. Lower Eocene, Haiti. 

danicus Brotzen, Sverig. geol. Unders., 

Ser. C., No. 493, Arsbok 42, no. 2, p. 113, pl. 

18, fig. 2. Paleocene, Sweden. 

guatemalensts Cushman and Bermudez, 

Cushman Lab. Foram. Res., Contr., vol. 24, 

p. 84, pl. 14, figs. 3-5. Lower Eocene, Guate- 

mala, 

pasionensis Cushman and Bermudez, 
ibid., vol. 24, p. 84, pl. 14, fig. 6. Lower Eocene, 
Guatemala. 

COLOMIA gen. nov. Cushman and Bermudez, 
ibid., vol. 24, p. 12. Family Genotype: Colomia 
cretacea Cushman and Bermudez, 1948, ut in- 
fra. Upper Cretaceous. 

cretacea Cushman and Bermudez, ibid., 

vol. 24, p. 12, pl. 2, figs. 13-15. Upper Creta- 

ceous, Cuba. 









































COSKINOLINOPSIS gen. nov. Henson, Larger 
Imperforate Foram. S.-W. Asia, (Hist.), p. 27. 
Family: Orbitolinidae. Genotype: Coskinoli- 
nopsis primaevus Henson, 1948, ut infra. 
Upper Triassic or Lower Jurassic. 

primaevus Henson, tbid., (Brit. Mus. Nat. 

Hist.), p. 28, pl. 10, figs. 4, 5, 7, 13, 12. Upper 

Triassic ? or Lower Jurassic, Oman and Cy- 


prus. 
CRIBROELPHIDIUM gen. nov. Cushman and 
Bronnimann, Cushman Lab. Foram. Res., 
Contr., vol. 24, p. 18. Family Nonionidae. 
Genotype: Cribroelphidium vadescens Cushman 
and Bronnimann, 1948, ut infra. Recent 
(Brackish Water). 
kuglert Cushman and Bronnimann, ibid., 
vol. 24, p. 18, pl. 4, fig. 4. Recent, off West- 
coast of Trinidad, B.W.I., brackish water. 
limosum Cushman and Bronnimann, ibid., 
vol. 24, p. 19, pl. 4, fig. 7. Recent, West-coast 
of Trinidad, B.W.I., brackish water. 
salsum Cushman and Bronnimann, tbid., 
vol. 24, p. 19, pl. 4, fig. 6. Recent, off West- 
coast of Trinidad, B.W.I., brackish water. 
trinitatensis Cushman and Bermudez, 
ibid., vol. 24, p. 20, pl. 4, fig. 8. Recent, off 
West-coast Trinidad, B.W.I., brackish water. 
vadescens Cushman and Bronnimann, 
tbid., vol. 24, p. 18, pl. 4, fig. 5. Recent, off 
West-coast of Trinidad, B.W.I., brackish 




















water. 

CRIBROPARELLA gen. nov. ten Dam, Jour. 
Paleontology, vol. 22, p. 486. Family (recte: 
Discorbisidae), subfamily Discorbinae (recte: 
Discorbisinae). (Note: the new generic name is 
misspelled and should read: CRIBROPAR- 
RELLA). Genotype: Cribroparrella regadana 
ten Dam, 1948, ut infra. Upper Miocene. 

regadana ten Dam, tbid., vol. 22, p. 486, 
pl. 76, figs. 1-3. Upper Miocene, Algeria. 

Cyclammina greigi Henson, Larger Imperforate 
Foram. S.-W. Asia, (Brit. Mus. Nat. Hist.), 
p. 13, pl. 13, figs. 9, 11. Basal Cretaceous, 
Arabia. 

whitet Henson, ibid., (Brit. Mus. Nat. 

Hist.), p. 13, pl. 13, figs. 3, 12-14. Lower to 

Middle Cretaceous, Arabia. 


DICTYOCONELLA gen. nov. Henson, Larger 
Imperforate Foram. S.-W. Asia, (Brit. Mus. 
Nat. Hist.), p. 24. Family Orbitolinidae. Geno- 
type: Dictyonella complanata Henson, 1948, 
ut infra, Upper Cenomanian to Maestrichtian. 

complanata Henson, ibid., Brit. Mus. 

Nat. Hist., p. 25, pl. 6, figs. 2, 3, 16; pl. 10, fig. 

14. Maestrichtian, Arabia. 

minima Henson, tbid., Brit. Mus. Nat. 
Hist., p. 25, p. 11, figs. 3, 8-10. Upper Ceno- 
manian or Turonian, Arabia. 

Dictyoconus arabicus Henson, ibid., Brit. Mus. 
Nat. Hist., p. 35, pl. 1, figs. 5-8; pl. 14, figs. 
1-12. Barremian, Arabia; Aptian-Cenomanian, 














Iran. 

Discocyclina (Discocyclina) andrusovi de Cizan- 
court, Stat. geol. Ustav. Bratislava, vol. 17, 
p. 52, pl. 7, fig. 15; pl. 8, fig. 21; pl. 9, figs. 22, 
26, 29; text fig. 1. Eocene, Czechoslovakia. For: 
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Discocyclina aff. varians Kaufmann in Brénni- 
mann, 1940. Eclog. geol. Helvetiae, vol. 33, p. 
261, pl. 14, figs. 1-6; pl. 15, figs. 3, 4. 

Discorbis amicus Shifflett, State of Maryland, 
Board of Nat. Resources, Dept. of Geol. etc., 
Bull. 3, p. 65, pl. 3, fig. 19, Lower Eocene 
(Wilcox), Maryland. 

calyptra Shifflett, zbid., Bull. 3, p. 65, pl. 3, 

fig. 20. Lower Eocene, (Wilcox), Virginia. 

cavernata Dorsey, tbid., Bull. 2, p. 311, 

pl. 37, fig. 3. Miocene, Maryland. 

jinlayi Dorreen, Jour. Paleontology, vol. 

22, p. 293, pl. 38, fig. 12. Upper Eocene, New 

Zealand. 

warrent Dorsey, State of Maryland, 
Board of Nat. Resources, Dept. of Geol. etc., 
Bull. 2, p. 310, pl. 37, fig. 5. Miocene, Mary- 
land. For: ? Discorbis floridana Cushman, 
1932 (non Cushman, 1922), Florida State 
Geol. Surv. Bull. 9, p. 88, p. 13, fig. 2; and for: 
same species in Cushman and Cahill, 1933, 
U. S. Geol. Surv., Prof. Pap. 175-A, p. 29, pl. 
9, fig. 12. 

Discorinopsis vadescens Cushman and Bronni- 
mann, Cushman Lab. Foram. Res., Contr., vol. 
24, p. 20, pl. 4, figs. 9, 10. Recent, off West- 
coast of Trinidad, B.W.I., brackish water. 

DOHAIA gen. nov. Henson, Larger Imperforate 
Foram. S.W. Asia, Brit. Mus. Nat. Hist. 
Family Meandropsinidae. Genotype: Dohaia 
planata Henson, 1948, ut infra. Middle Cre- 
taceous (Upper Cenomanian-Turonian). 

planata Henson, zbid., Brit. Mus. Nat. 
Hist., p. 101, pl. 7, fig. 12; pl. 10, ? fig. 16; 
pl. 11, figs. 4, 5. Upper Cenomanian-Turonian, 
Arabia. 

Dorothia ? almadenents Cushman and Todd, 
Cushman Lab. Foram. Res. Contr., vol. 24, 
p. 94, pl. 16, figs. 11, 12. Cretaceous ?, Cali- 
ornia. 

















EDOMIA gen. nov. Henson, Larger Imperforate 
Foram. S.-W. Asia, Brit. Mus. Nat. Hist., p. 
84, Family Meandropsinidae. Genotype: Edo- 
mia retcheli Henson, 1948, ut infra. Middle 
Cretaceous (Cenomanian-Turonian). 

tranica Henson, tbid., Brit. Mus. Nat. 

Hist., p. 86, pl. 6, figs. 8-11. Middle Creta- 

ceous, Iran. 

reicheli Henson, ibid., Brit. Mus. Nat. 
Hist., p. 85, pl. 8, figs. 1-14. Cenomanian, 
Palestine. 

Ellipsoglandulina glabra Cushman and H. H. 
Renz, Cushman Lab. Foram. Res., Contr., 
Spec. Publ. Contr. 24, p. 33, pl. 6, fig. 18. 
Eocene, Trinidad, B.W.I. 

Ellipsonodosaria calvertensis Cushman, State of 
Maryland, Board of Nat. Resources, Dept. of 
Geol. etc., Bull. 2, p. 223, pl. 15, figs. 14, 15. 
Miocene, Maryland. 

nuttalla Cushman and Jarvis, 1934, var. 

aculeata Cushman and H. H. Renz, Cushman 

Lab. Foram. Res., Spec. Publ. 24, p. 32, pl. 6, 

fig. 10. Upper Eocene, Trinidad, B.W.I. 

pilulata Cushman and Todd, ibid., Contr. 

vol. 24, p. 5, pl. 2, fig. 8. Upper Eocene, Mis- 
sissippi. 














Elphidium ingressans Dorreen, Jour. Paleontol- 
ogy, vol. 22, p. 290, pl. 37, fig. 10. Upper Eo- 
cene, New Zealand. 

nitidum Dorreen, tbid., vol. 22, p. 290, pl. 

37, fig. 11. Upper Eocene, New Zealand. 

omotoensts Dorreen, ibid., vol. 22, p. 290, 
pl. 37, fig. 12. Upper Eocene, New Zealand. 

Entosolenia marginata (Montagu, 1803) var. lis- 
bonensis Cushman and Todd, Cushman Lab. 
Foram. Res., Contr., vol. 24, p. 33, pl. 6, fig. 13. 
Eocene, Mississippi. 

oslatus Shifflett, State of Maryland, 

Board of Nat. Resources, Dept. of Geol. etc, 

Bull. 3, p. 62, pl. 3, fig. 14. Lower Eocene (Wil- 

cox), Virginia. 

unicospina Cushman and H. H. Renz, 
Cushman Lab. Foram. Res., Spec. Publ. 24, 
p. 26, pl. 5, fig. 18. Eocene, Trinidad, B.W.I. 

Eoschubertella mexicana Thompson, Univ. Kan- 
sas Pal. Contr., Protozoa, Art. 1, p. 79, pl. 28, 
figs. 1-8. Pennsylvanian, N. Mexico. 

Epistomina chapmani ten Dam, nom. nov., Rev. 
Inst. Franc. Pétrole et Ann. Combust. Li- 
quides, vol. 3, p. 166, pl. 1, fig. 5. Lower Al- 
bian, Holland. New name for: Rotalia elegans 
Jones and Parker, 1860 (non d’Orbigny, 1826), 
Geol. Soc. London, Quart. Jour., vol. 16, pl. 20, 
fig. 46; for: Pulvinulina caracolla Chapman, 
1898, (non Roemer, 1841), Roy. Micr. Soc. 
London, Jour., (2), vol. 18, p. 7, pl. 1, fig. 9: 
for: Pulvinulina elegans Chapman, 1898, (non 
d’Orbigny, 1826), zbid., (2) vol. 18, p. 6, pl. 1, 
fig. 8; and for: Epistomina elegans Eichenberg, 
1933, (non d’Orbizgny, 1826), Niédersichs. 
geol. Vereinig. Jahresber., p. 22, pl. 7, fig. 1 
(non pl. 4, fig. 2). 

reticulata (Reuss, 1862) var. suturalis 

ten Dam, ibid., vol. 3, p. 169, pl. 2, fig. 7. Lower 

Albian, Holland. 

supracretacea ten Dam, nom. nov. tbid., 
vol. 3, p. 163, pl. 1, fig. 8. Upper Cretaceous, 
Texas. New name for: Zpistomina caracolla 
auctorum (non Roemer, 1841). (Note: see list 
of synonyms in original paper.) ; 

Eponides abatissae (Selli, 1944) var. multicamera- 
tus Petters and Gandolfi, Riv. Ital. Paleont. e 
Stratigr., vol. 54, fasc. 3, p. 7, pl. 1, fig. 3. Oli- 
gocene, Italy. (Note: The varietal name is 
preoccupied by Eponides multicameratus Klein- 
pell, 1938, Mioc. of California, Am. Assoc. 
Petroleum Geologists, Tulsa, p. 320, pl. 19, 
figs. 2, 3, 7. Upper Miocene, California. V. Pet- 
ters has been informed by letter, dated March 
22, 1949, about this homonym). 

dorsopustulatus Dorreen, Jour. Paleon- 

tology, vol. 22, p. 295, pl. 39, fig. 2. Upper 

Eocene, New Zealand. 

ecuadorana Cushman and_ Stevenson, 

Cushman Lab. Foram. Res., Contr., vol. 24, 

p. 64, pl. 10, fig. 16. Miocene, Ecuador. 

gratiosus Cushman and Bermudez, 1b7d., 

vol. 24, pl. 11, fiz. 14. Paleocene, Cuba. 
labiomargus Shifflett, State of Maryland, 

Board of Nat. Resources, Dept. of Geol. etc., 

Bull. 3, p. 67, pl. 4, figs. 3, 4. Lower Eocene 

(Wilcox), Virginia. 

lunata Brotzen, Sverig. geol. Unders., 
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Ser. C., No. 493, Arsbok 42, no. 2, p. 77, pl. 
10, figs. 17, 18. Paleocene, Sweden. 

_—_—— minutissimus Cushman and Todd, Cush- 
man Lab. Foram. Res., Contr., vol. 24, p. 5, 
pl. 1, fig. 13. Lower Oligocene, Mississippi. 

—— plummerae Cushman, 1b1d., vol. 24, p. 44, 
pl. 8, fig. 9. Paleocene, Texas. For: Truncatu- 
lina tenera Plummer, 1927, (non Brady, 1884), 
Univ. Texas Bull. 2644, p. 146, pl. 9, fig. 5; 
for: Eponides cf. tenera Kline, 1943, Miss. State 
Geol. Surv., Bull. 53, p. 53, pl. 5, figs. 16-18; 
for: Eponides cf. haidingert Cushman and 
Todd, 1946, (non d’Orbigny, 1846), Cushman 
Lab. Foram. Res., Contr., vol. 22, p. 62, pl. 
11, figs. 5, 6; and for: Eponides sp. Cushman, 
1940, zbid., vol. 16, p. 71, pl. 12, fig. 8. 

tethycus Dorreen, Jour. Paleontology, vol. 

22, p. 295, pl. 39, fig. 3. Upper Eocene, New 

Zealand. 

toulmint Brotzen, Sver. geol. Unders., 
Ser. C, No. 493, Arsbok 42, no. 2, p. 78, pl. 10, 
fig. 16. Paleocene, Sweden. For: Eponides 
boueana Toulmin, 1941, (non d’Orbigny, 
1846), Jour. Paleontology, vol. 15, p. 601, pl. 
81, figs. 6, 7. 

Eulepidina, see Lepidocyclina 


FALSOPALMULA gen. nov. Bartenstein, Senck- 
enbergiana, vol. 28, p. 124. Family Lagenidae; 
subfamily Nodosariinae. Genotype: Flabellina 
tenutstriata Franke, 1936, Preuss. geol. Landes- 
anstalt, Abhandl., new series, No. 169, p. 93, 
pl. 9, fig. 17. Jurassic (Liassic and Dogger), 
Upper Cretaceous (Senonian). 

Flabellinella duestensts Bartenstein, Erdél und 
Kohle, vol. 1, p. 184, text fig. 13. Lower 
Hauterivian, Germany. 

———  hannoverana Bartenstein, tbid., vol. 1, 
p. 184, text fig. 14. Middle Barremian, Ger- 
many. 

Flabellina see Palmula. 

Flintina novozealandica Dorreen, Jour. Paleon- 
tology, vol. 22, p. 287, pl. 36, fig. 8. Upper 
Eocene, New Zealand. 

Fusulina ? tnsolita Thompson, Univ. Kansas 
Paleont. Contr., Protozoa, Art. 1, p. 96, pl. 32, 
fig. 7; pl. 38, figs. 9-13. Middle Pennsylvanian, 
N. Mexico. 

Fusulinella devexa Thompson, ibid., Protozoa, 
Art. 1, p. 94, pl. 32, figs. 6, 10; pl. 35, figs. 1- 
15; pl. 36, figs. 7-10, 12-17. Middle Pennsyl- 
vanian, New Mexico. 

famula Thompson, ibid., Protozoa, Art. 

1, p. 91, pl. 32, figs. 4, 5; pl. 38, figs. 1-8. Mid- 

dle Pennsylvanian, N. Mexico. 

fugax Thompson, tbid., Protozoa, Art. 1, 
p. 88, pl. 32, fig. 2; pl. 33, figs. 1-8. Middle 
Pennsylvanian, N. Mexico. 

——— juncea Thompson, ibid. Protozoa, Art. 
1, p. 93, pl. 1, fig. 3; pl. 32, fig. 1; pl. 37, figs. 
1-18. Middle Pennsylvanian, N. Mexico. 

proxima Thompson, tbid., Protozoa, Art. 

1, p 90, pl. 23, figs. 9-20. Middle Pennsylva- 

nian, New Mexico. 

















Gaudryina almadenensis Cushman and Todd, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
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p. 92, pl. 16, fig. 5. Cretaceous (?), California. 

extlis Cushman and Brénnimann, 1bid., 

vol. 24, p. 40, pl. 7, figs. 15, 16. Recent, Gulf of 

Paria, Trinidad, B.W.I., 0-2 fathoms. 

pseudocollinst Cushman and Stainforth, 
1945, var. primitiva Cushman and H. H. Renz, 
Cushman Lab. Foram. Res., Spec. Publ. No. 
24, p. 13, pl. 3, figs. 1, 2. Upper Eocene, Trini- 
dad, B.W.I. 

Gavelinella lellingensis Brotzen, Sver. geol. Un- 
ders., Ser. C, No. 493, Arsbok 42, No. 2, p. 75, 
pl. 11, figs. 1, 2; text fig. 20, nos. 1-3. Paleo- 
cene, Sweden. 

GLABRATELLA gen. nov. Dorreen, Jour. 
Paleontology, vol. 22, p. 294. Family Rotal- 
lidae; subfamily Discorbisinae. Genotype: 
Glabratella crassa Dorreen, 1948, utinfra. Upper 
Eocene; Miocene, Pliocene, Recent. 

crassa Dorreen, tbid., vol. 22, p. 294, pl. 
39, fig. 1. Upper Eocene, New Zealand. 

Globigerina almdadenensis Cushman and Todd, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 95, pl. 16, figs. 18, 19. Cretaceous (?, prob- 
ably lower), California. 

portsdownensis Williams-Mitchell, Geol- 
ogists’ Assc. London, Proc., vol. 59, p. 96, 
pl. 8, fig. 4. Cenomanian, England. 

GLOBIGERINELLOIDES gen. nov. Cushman 
and ten Dam, Cushman Lab. Foram. Res., 
Contr., vol. 24, p. 42. Family Globigerinidae. 
Genotype: Globigerinelloides algeriana Cush- 
man and ten Dam, ut infra. Upper Cretaceous. 

algeriana Cushman and ten Dam, ibid., 
vol. 24, p. 43, pl. 8, figs. 4-6. Upper Creta- 
ceous, western Algeria. 

Globorotalia almadenensis Cushman and Todd, 
ibid., vol. 24, p. 98, pl. 16, fig. 24. Cretaceous ?, 
(probably lower), California. 

californica Cushman and Todd, 1b7d., vol. 

24, p. 96, pl. 16, figs. 22, 23. Cretaceous ?, 

(probably lower). California. 

chaldonensis Williams-Mitchell, Geolo- 
gists’ Assoc. London, Proc., vol. 59, p. 99, pl. 
9, fig 8 Turonian, England. For: Globorotalia 
micheliniana Cushman, 1931, (non d’Or- 
bigny, 1840, Rotalina), Cushman Lab. For. 
Res., Contr., vol. 7, p. 45, pl. 6, fig. 8. 

——— decorata Cushman and Todd, Cushman 
Lab. Foram. Res., Contr., vol. 24, p. 97, pl. 16, 
fig. 21. Cretaceous ?, (probably lower), Cali- 
fornia. 

lobata Brotzen, Sverig. geol. Unders., 
Ser. C, No. 493, Arsbok 42, no. 2, p. 91, pl. 17, 
fig. 3. Paleocene, Sweden. 

Globotruncana benacensis Cita, Riv. Ital. Paleont. 
e Strat., vol. 54, p. 147, pl. 3, fig. 3. Cenoma- 
nian-Turonian, Italy. 

Globulina arenacea Brotzen, Sverig. geol. Unders., 
Ser. C, No. 493, Arsbok 42, no. 2, p. 48, text 
fig. 10, Nr. 3. Paleocene, Sweden. 

GUBLERINA gen. nov. Kikoine, Soc. géol. 
France, Bull., (5), vol. 18, p. 26. Heterohelici- 
dae. Genotype: Gublerina cuvillieri Kikoine, 
1948, ut infra. Maestrichtian. 

cuvilliert Kikoine, ibid., (5), vol. 18, p. 

26, pl. 2, fig. 10. Upper Cretaceous (Maestrich- 

tian), France. 
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Giimbelina striata (Ehrenberg, 1854), var. de- 
formis Kikoine, tbid., (5), vol. 18, p. 20, pl. 1, 
fig. 8. Upper Cretaceous (Maestrichtian), 
France. 

Guttulina elegans Dorsey, State of Maryland, 
Board of Nat. Resources, Dept. of Geol. etc., 
Bull, 2, p. 292, pl. 32, figs. 4, 5. Miocene, Mary- 
land. For: Guttulina austriaca Cushman and 
Ponton, 1932, (non d’Orbigny, 1846), Florida 
State Geol. Surv., Bull. 9, p. 65, pl. 9, figs. 13, 
14; and for same species in Ellisor, 1940, Amer. 
Assoc. Petroleum Geologists, Bull., vol. 24, no. 
3, pl. 5, figs. 7, 8. 

problema d’Orbigny, 1826, var. costata 

Brotzen, Sverig. geol. Unders., Ser. C, No. 

493, Arsbok 42, No. 2, p. 49. (Described but not 

figured.) Paleocene, Sweden. 

rectiornata Dorsey, State of Maryland, 
Board of Nat. Resources, Dept. of Geol. etc., 
Bull. 2, p. 293, pl. 32, figs. 1, 2. Miocene, Mary- 
land. For: Guttulina costatula Cushman, 1930, 
(non Galloway and Wissler, 1927), Florida 
State Geol. Surv., Bull. 4, p. 33, pl. 5, fig. 15; 
and for same species in Cushman and Cahill, 
1933, U. S. Geol. Surv., Prof. Pap. 175-A, p. 
17, pl. 6, fig. 1. 

Gyroidina madrugaensis Cushman and Bermudez, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 85, pl. 14, figs. 10-12. Paleocene, Cuba. 

marylandica Cushman, State of Mary- 
land, Board of Nat. Resources, Dept. of Geol. 
etc., Bull. 2, p. 224, pl. 15, figs. 19, 20. Miocene 
(probably reworked from Eocene), Maryland. 

Gyroidinoides pontoni Brotzen, Sverig. geol. 
Unders., Ser. C, No. 493, Arsbok 42, no. 2, p. 
76, pl. 11, figs. 4, 5. Paleocene, Sweden. 

venezuelana H. H. Renz, Geol. Soc. 

America Mem. no. 32, p. 141, pl. 12, fig. 21. 

Lowermost Miocene, Falcon, Venezuela. 














Haplophragmium salsum Cushman and Bronni- 
mann, Cushman Lab. Foram. Res., Contr., 
vol. 24, p. 16, pl. 3, figs. 10-13. Recent, west 
coast of Trinidad, B.W.I., brackish water. 

Hauerina notoensis Dorreen, Jour. Paleontology, 
vol. 22, p. 287, pl. 36, fig. 9. Upper Eocene, New 
Zealand. 

HAURANIA gen. nov. Henson, Larger Imper- 
forate Foram. S.-W. Asia, Brit. Mus. Nat. 
Hist., p. 11. Family Lituolidae; subfamily 
Lituolinae. Genotype: Haurania deserta Hen- 
son, 1948, ut infra, Jurassic (or ? Triassic). 

amiji Henson, tbid., p. 12, pl. 15, figs. 5- 

10. Jurassic (or Triassic, ) Iraq. 

deserta Henson, ibid., p. 12, pl. 15, figs. 
1-4. Jurassic (or Triassic), Iraq. 

HOGLUNDINA gen. nov. Brotzen, Sverig. geol. 
Unders., Ser. C, No. 493, Arsbok 42, No. 2, p. 
92. Family Epistominidae. Genotype (given by 
Brotzen): Rotalia elegans d’Orbigny. Liassic to 
Recent. (Note: Brotzen does not indicate an 
exact reference to the figure of the genotype. In 
our opinion it is certainly not Rotalia (Turbino- 
line) elegans d’Orbigny, 1826, figured from the 
“Planches Inédites” of d’Orbigny by Forna- 
sini, 1906, Accad. Sci. Bologna, Mem., vol. 8, 
pl. 3, fig. 10, but rather the figure No. 142 











given by Parker, Jones, and Brady, 1871 
Ann. Mag. Nat. Hist., (4), vol. 8, pl. 12, fig. 
142, which is a reproduction of Hammoni- 
formts trochtformis Soldani, 1789-1799, Testa- 
ceogr., Appendix, pl. 2, fig. R, on which 
d’Orbigny in 1826 based his Rotalia (Turbj- 
nuline) elegans. 

Hopkinsina hancocki Todd, in Cushman and Mc- 
Culloch, Allan Hancock Pacific Exped., vol. 6, 
no. 5, p. 276, pl. 35, fig. 1. Recent, Pacific, off 
Galapagos Islands, 35-68 fathoms. 

oceanica Todd, in Cushman and McCul- 

loch, zbtd., vol. 6, no. 5, p. 276, pl. 35, fig. 2. 

Recent, Pacific, off coast of Colombia, 58 

fathoms. 





IRAQIA gen. nov. Henson, Larger Imperforate 
Foram. S.-W. Asia, Brit. Mus. Nat. Hist., 
Family Orbitolinidae. Genotype: Jragia sim- 
plex Henson, 1948, ut infra. Lower to Middle 
Cretaceous. . 

simplex Henson, tbid., p. 70, pl. 1, figs. 

1-3. Lower Cretaceous. Iraq. 





Karreriella washingtonensis Rau, Jour. Paleon- 
tology, vol. 22, p. 158, pl. 27, figs. 5, 6. Upper 
Eocene, Washington. 


Labrospira columbiensis (Cushman, 1925, var. 
robusta Cushman and McCulloch, nom. nov., 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 76. Recent. Pacific. New name for: Haplo- 
phragmoides columbiensts Cushman 1925, var. 
evolutum Cushman and McCulloch, 1939, 
(non Natland, 1938), Allan Hancock Pacific 
Exped., vol. 6, no. 1, p. 73, pl. 5, figs. 11, 12; 
pl. 6, figs. 1, 2. 

salsa Cushman and Bronnimann, 101d., 
vol. 24, p. 16, pl. 3, figs. 5, 6. Recent, west 
coast of Trinidad, B.W.I., brackish water. 

Lagena lisbonensis Cushman and Todd, ibid., 
vol. 24, p. 30, pl. 5, fig. 22. Eocene, Missis- 
sippi. For: Lagena costata (Williamson, 1858) 
var. amphora Howe, 1939, (non Reuss, 1863), 
Louisiana Geol. Surv., Bull. 14, p. 49, pl. 6, 
fig. 15. 

misstssippiensis Cushman and _ Todd, 
ibid., vol. 24, p. 30, pl. 5, fig. 24. Eocene, Mis- 
sissippi. 

Lagunculina vadescens Cushman and Bronni- 
mann, tbid., vol. 24, p. 15, pl. 3, figs. 1, 2. Re- 
cent, west coast of Trinidad, B.W.I., brackish 
water. 

Lamarckina novozealandica Dorreen, Jour. Pa- 
leontology, vol. 22, p. 297, pl. 40, fig. 1. Upper 
Eocene, New Zealand. 

——— paleocenica Cushman, Cushman Lab. 
Foram. Res., Contr., vol. 24, p. 44, pl. 8, fig. 
8. Paleocene, Tennessee. 

turgida Dorreen, Jour. Paleontology, vol. 
22, p. 297, pl. 39, fig. 6. Upper Eocene, New 
Zealand. 

Leptodermella excentrica Cushman and Bronni- 
mann, Cushman Lab. Foram. Res., Contr., 
vol. 24, p. 37, pl. 7, figs. 1, 2. Recent, Gulf of 
Paria, Trinidad, B.W.I., 0-2 fathoms. 

salsa Cushman and Bronnimann, tbid., 
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vol. 24, p. 15, pl. 3, figs. 3, 4. Recent, west 
coast of Trinidad, B.W.I., brackish water. 

LITUONELLOIDES gen. nov. Henson, Larger 
Imperforate Foram. S.-W. Asia, Brit. Mus. 
Nat. Hist., p. 26. Family Orbitolinidae. Geno- 
type: Lituenelloides compressus Henson, 1948, 
ut infra. Upper Cretaceous. 

compressus Henson, ibid., p. 27, pl. 6, 
fig. 1; text fig. 2 a-c. Maestrichtian, Arabia. 

Liiuotuba eocenica Cushman and H. H. Renz, 
Cushman Lab. Foram. Res., Spec. Publ. 24 
ae pl. 1, figs. 20, 21. Eocene, Trinidad, 





Loftusia coxi Henson, Larger Imperforate Foram. 
S.-W. Asia, Brit. Mus. Nat. Hist., p. 21, pl. 9, 
figs. 6, 8. Maestrichtian, Arabia. 


MANGASHTIA gen. nov. Henson, Larger Im- 
perforate Foram. S.-W. Asia, Brit. Mus. Nat. 
Hist., p. 94. Family Meandropsinidae. Geno- 
type: Mangashtia viennoti Henson, 1948, ut 
infra. Middle Cretaceous. 

viennott Henson, ibid., p. 94, pl. 12, figs. 
61-21. Cenomanian-Turonian, Iran. 

MANORELLA gen. nov. Grice, Jour. Paleon- 
tology, vol. 22, p. 223 Family Placopsilinidae; 
subfamily Polyphragminae. Genotype: Ma- 
norella proteus Grice, 1948, ut infra, Upper 
Cretaceous. 

proteus Grice, ibid., vol. 22, p. 223, text 
figs. 1-5. Upper Cretaceous (Austin Chalk), 
Texas. 

Marginulina distincta Cushman and Bermudez, 
Cushman Lab. Foram. Res., Contr., vol. 24, p. 
69, pl. 11, fig. 2. Paleocene, Cuba. 

Meandropsina vidalt Schlumberger, 1898, var. 
biconcava Henson, Larger Imperforate Foram- 
~— S.-W. Asia, Brit. Mus. Nat. Hist., p. 
82, pl. 8. 

MEANDROPSINIDAE fam. nov. Henson, 
ibid., p. 77. Middle Cretaceous to Eocene; ? 
Miocene. This new family includes the follow- 
ing genera: Broeckina Munier-Chalmas, 1882; 
Broeckinella Henson, 1948, ut supra; Cyclo- 
lina d’Orbigny, 1846; Cyclopsinella Galloway, 
1933; Dohata Henson, 1948, ut supra; Edomia 
Henson, 1948, ut supra; Fallotia H. Douvillé, 
1902; Mangashtia Henson, 1948, ut supra; 
Meandropsina Munier-Chalmas, 1899; Or- 
bitolinella Henson, 1948, ut infra; Praesorites 
H. Douvillé, 1902; Pseudedomia Henson, 1948, 
ut infra; Pseudorbitolina H. Douvillé, 1910; 
Qataria Henson, 1948, ut infra; Rhapydionina 
Stache, 1912; Rhipidionina Stache, 1912; 
Saudia Henson, 1948, ut infra; Taberina Keij- 
zer, 1945; and Zekritia Henson, 1948, ut infra. 

Miliolinella robusta Cushman and Todd, Cushman 
Lab. Foram. Res., Contr., vol. 24, p. 2, pl. 1, 
fig. 3. Lower Oligocene, Mississippi. 








NEOFLABELLINA nom. nov. Bartenstein, 
Senckenbergiana, vol. 28, p. 122, footnote. 
Family Lagenidae; subfamily Nodosariinae. 
Genotype: Flabellina rugosa d’Orbigny, 1840, 
Soc. géol. France, Mém., vol. 4, p. 23, pl. 2, 
figs. 4, 5, 7. New name for: Flabellina d’Or- 





bigny, 1839 (non Flabellina F. S. Voigt, 1834, 
Mollusca). Upper Cretaceous. 

NEOSCHWAGERINIDAE fam. nov. Dunbar, in 
Cushman, Foraminifera, their classification 
etc., 4th edition, pp. 164-170. Permian. This 
new family comprises the subfamily Ver- 
beekininae with Brevaxina Schenck and 
Thompson, 1940, Eoverbeekina Lee, 1933, 
Misellina Schenck and Thompson, 1940. 
Pseudodoliolina Yabe and Hanzawa, 1932, and 
Verbeekina Staff, 1909; and the subfamily 
Neoschwagerininae with Cancellina Hayden, 
1909, Colania Lee, 1933, Lepidolina Lee, 1933, 
Neoschwagerina Yabe, 1903, Sumatrina Volz, 
1904, and Yabeina Deprat, 1914. 

Nodobaculariella scita Cushman and Todd, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 2, pl. 1, fig. 5. Lower Oligocene, Missis- 
sippi. 

Nodosaria loeblichae ten Dam, nom. nov., Jour. 
Paleontology, vol. 22, p. 181. Neocomian, 
Holland. New name for: Nodosaria rugosa ten 
Dam, 1946, (non d’Orbigny, 1939), Jour. 
Paleontology, vol. 20, p. 575, pl. 88, fig. 7. 

Nonion agrestum Cushman and _ Stevenson, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 53, pl. 9, fig. 14. Miocene, Ecuador. 

marylandicum Dorsey, State of Mary- 

land, Board of Nat. Resources, Dept. of Geol. 
etc., Bull. 2, p. 301, pl. 35, fig. 2. Miocene, 

Maryland. 

obducum Cushman and Stevenson, Cush- 

man Lab. Foram. Res., Contr., vol. 24, p. 53, 

pl. 9, fig. 13. Miocene, Ecuador. 

- tisburyensis Butcher, ibid., vol. 24, p. 22, 
text figs. 1-3. Recent, brackish tidal ponds, 
Cape Cod, Massachusetts. 

Nonionella ecuadorana Cushman and Stevenson, 
ibid., vol. 24, p. 54, pl. 9, fig. 15. Miocene, 
Ecuador. 

ovata Brotzen, Sverig. geol. Unders., Ser. 
C, No. 493, Arsbok 42, No. 2, p. 68, pl. 10, figs. 
13, 14. Paleocene, Sweden. 

Notorotalia tainuia Dorreen, Jour. Paleontology, 
vol. 22, p. 290, pl. 37, fig. 13. Upper Eocene, 
New Zealand. 

Nubecularia triloculina ten Dam, Jour. Paleon- 
tology, vol. 22, p. 178. Not described and not 
figured. Middle Neocomian, Holland. For: 
Nubecularia lucifuga Jones and Parker, 1860 
(non Defrance, 1825), Geol. Soc. London, 
Quart. Jour., vol. 16, p. 455, pl. 20, figs. 52-56. 

Nummulites (Nummulites) aster de Cizancourt, 
Soc. géol. France, Mém., new ser., vol. 27, fasc. 
1, No. 57, p. 23. (not figured). Eocene, Bar- 
bados. For: Operculinoides catenula Barker, 
1939, (non Cushman and Jarvis, 1932), U. S. 
Nat. Mus., Proc., vol. 86, pl. 14, fig. 8. 

















( ) barbadica de Cizancourt, ibid., 
Mém. No. 57, p. 21, pl. 1, fig. 18; pl. 2, figs. 5- 
7. Eocene, Barbados. We 
) convexa de Cizancourt, 1bid., 





( 
Mém. No. 57, p. 21, pl. 1, fig. 19, pl. 2, figs. 8- 
13. Eocene, Barbados. _. 
) scotlandica de Cizancourt, 1bid., 





( 
Mém. No. 57, p. 22, pl. 2, figs. 1-3. Eocene, 
Barbados. 
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( ) senni de Cizancourt, ibtd., Mém. 

No. 57, p. 19, pl. 1, figs. 13-17. Paleocene and 

Eocene, Barbados. 

(Operculinoides) torifera de Cizancourt, 
tbid., Mém. No. 57, p. 29, pl. 1, figs. 6-8. 
Eocene, Barbados. 

NUMMULITELLA gen. nov. Dorreen, Jour. 
Paleontology, vol. 22, p. 291, Family Num- 
mulitidae, Genotype: Nummulitella  poly- 
stylata Dorreen, 1948, ut infra. Upper Eocene. 

polystylata Dorreen, ibid., vol. 22, p. 291, 

pl. 38, fig. 1. Upper Eocene, New Zealand. 











Operculinoides see Nummutlites. 

Orbitolina concava (Lamarck, 1801) var. gatarica 
Henson, Larger Imperforate Foram. S.-W. 
Asia, Brit. Mus. Nat. Hist., p. 66, pl. 5, figs. 7— 
11. Lower Cenomanian, Arabia. 

( ) var. sefint Henson, tbid., 
p. 64, pl. 5, figs. 1-4, 6. Cenomanian, Iraq. 
discoidea Gras, 1852, var. delicata Hen- 

son, tbid., p. 54, pl. 1, fig. ‘4; pl. 2, figs. 13, 14. 

? Barremian, Arabia. 











var. libanica Henson, 
ibid., p. 55, pl. 2, figs. 10, 12. Aptian, Lebanon. 
kurdica Henson, ibid., p. 48, pl. 1, figs. 9- 
15. Lower Cretaceous, Iraq. 
ORBITOLINELLA gen. nov. Henson, tbid., p. 
90. Family Meandropsinidae. Genotype: Or- 
bitolinella depressa Henson, 1948, ut infra, Mid- 
dle Cretaceous (Cenomanian-Turonian). 
depressa Henson, tbid., p. 92, pl. 6, figs. 
12-15. Cenomanian-Turonian, Arabia. 








Palmula primitiva Cushman, 1939, var. paleo- 
cenica Cushman, Cushman Lab. Foram. Res., 
Contr., vol. 24, p. 43, pl. 8, fig. 7. Paleocene, 
Alabama. For: Palmula cf. primitiva Cushman, 
1940, zbid., vol. 16, p. 62, pl. 9, fig. 33; and for: 
Palmula cf. primitiva Cushman in Kline, 1943, 
Miss. State Geol. Surv., Bull. 53, p. 35, pl. 3, 
fig. 10. 

(Flabellina) robusta Brotzen, Sverig. geol. 
Unders., Ser. C, No. 493, Arsbok 42, No. 2, p. 
45, pl. 8, figs.4, 5; text fig. 9. Paleocene, Sweden. 

Parrella algeriana Cushman and ten Dam, Cush- 
man Lab. Foram. Res., Contr., vol. 24, p. 49, 
pl. 9, figs. 1, 2. Upper Eocene, western Algeria. 

incitsa Brotzen, Sverig. geol. Unders., 
Ser. C, No. 493, Arsbok 42, No. 2, p. 104, foot- 
note 1, text fig. 28-B. Cenomanian, Denmark. 

Pelosina dubia Cushman and H. H. Renz, Cush- 
man Lab. Foram. Res. Spec. Publ. 24, p. 5, 
pl. 1, fig. 7. Eocene, Trinidad, B.W.I. 

Peneroplis maut Dorreen, Jour. Paleontology, 
vol. 22, p. 291, pl. 38, fig. 2. Upper Eocene, 
New Zealand. 

Planomalina ? almadenensti Cushman and Todd, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 98, pl. 16, fig. 25. Cretaceous ?, probably 
lower, California. 

Planularia charapotoa Cushman and Stevenson, 
+ tg vol. 24, p. 52, pl. 9, fig. 9. Miocene, Ecua- 

or. 








ecuadorana Cushman and _ Stevenson, 





tbid., vol. 24, p. 52, pl. 19, figs. 7, 8. Miocene, 
Ecuador. 
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Planulina charapotoensis Cushman and Steven- 
son, tbid., vol. 24, p. 67, pl. 10, fig. 28, Miocene, 
Ecuador. 

ecuadorana Cushman and _ Stevenson, 

ibid., vol. 24, p. 67, pl. 10, fig. 29, Miocene, 

Ecuador. 

gardesana Cita, Riv. Ital. di Paleont. e 

Strat., vol. 54, p. 132, pl. 2, fig. 4, Upper Cre- 

taceous, Northern Italy. 

limbata Brotzen, Sverig. geol. Unders., 

Ser. C, No. 493, Arsbok 42, No. 2, p. 85, pl. 13, 

pl. 13, fie. 7. Paleocene Sweden. (Note: This 

species name is preoccupied by Natland, 1938, 

Bull. Scripps Inst. Oceanogr., Techn. Ser., vol. 

4, No. 5, p. 151, pl. 7, figs. 4, 5. Recent, Pacific, 

and has ‘subsequently been changed i in ‘October 

1948 by Brotzen to Planulina scanica nom. 

nov. ut infra.) 

scanica Brotzen, nom. nov., The Micro- 
paleontologist, vol. 2, No. 4, p. 13. Paleocene, 
Sweden. New name for: Planulina limbata 
Brotzen, 1948 (non Natland, 1938) ut supra. 

Plectina trinitatensis Cushman and H. H. Renz, 
Cushman Lab. Foram. Res., Spec. Publ., 24, 
p. 15, pl. 3, fig. 12. Eocene, Trinidad, B.W.I. 

PNINAELLA gen. nov. Brotzen, Sverigz. geol. 
Unders., Ser. C, No. 493. Arsbok 42, No. 2, p. 
119. Family: Epistominidae (?), Genotype: 
Pninaella scanica Brotzen, 1948, ut infra. 
Paleocene, Pliocene, Recent. 

scanica Brotzen, tbid., Arsbok 42, No. 2, 
p. 120, pl. 15, figs. 5, 6. Paleocene, Sweden. 

Profusulinella apodacensis Thompson, rr 
Kansas Paleont. Contr., Protozoa, Art. 

85, pl. 27, figs. 9, 10; pl. 31, figs. 10-17. Middhe 
Pennsylvanian, New Mexico. 

copiosa Thompson, tbid., Art. 1, p. 80, 

pl. 27, figs. 1-3; pl. 28, figs. 14-32. Lower Mid- 

dle Pennsylvanian, Texas. 

decora Thompson, tbid., Art. 1, p. 83, pl. 

27, figs. 5, 6, 12; pl. 29, figs. 5-30. Lower Mid- 

dle Pennsylvanian, Texas. 

munda Thompson, ibid., Art. 1, p. 82, 

pl. 27, fig. 4; pl. 30, figs. 1-7. Lower Middle 

Pennsylvanian, Texas. 

regia Thompson, ibid., Art. 1, p. 83, - NS 

fig. 1; pl. 27, figs. 7,'8, 13; pl. 30, figs. 8 - 

pale Middle Pennsylvanian, Texas. 

spicata Thompson, ibid., Art. 1, p. 86, 
pl. 27, fig. 11; pl. 31, figs. 1-9. Middle Penn- 
sylvanian, New Mexico. 

Proteonina hancocki Cushman and McCulloch, 
nom. nov., Cushman Lab. Foram. Res., Contr. 
vol. 24, p. 76. Recent, Pacific. New name for: 
Proteonina compressa Cushman and McCul- 
loch, 1939 (non Paalzow, 1932), Allan Hancock 
Pacific Exped., vol. 6, no. 1, p. 42, pl. 1, fig. 


10. 

PSEUDEDOMIA gen. nov. Henson, Larger Im- 
perforate Foram. S.-W. Asia, Brit. Mus. Nat. 
Hist., p. 95. Family Meandropsinidae. Geno- 
type: Pseudedomia multistriata Henson, 1948, 
ut infra. Upper Cretaceous. 

multistriata Henson, tbid., p. 96, pl. 11, 
figs. 1, 2. Maestrichtian, ‘Arabia. 

Pseudoclavulina almadenensis Cushman and 
Todd, Cushman Lab. Foram. Res., Contr., vol. 
























































BIBLIOGRAPHY OF FORA MINIFERA 


24, p. 93, p. 16, fig. 7. Cretaceous ?, probably 
lower, California. 

—— californica Cushman and Tod4d, ibid., vol. 
24, p. 92, pl. 16, fig. 6. Cretaceous ?, probably 
lower, California. 

corta Cushman and Todd, ibid., vol. 24, 
p. 93, pl. 16, fig. 8. Cretaceous ?, probably 
lower, California. 

——— curta Cushman and Bronnimann, ibid., 
vol. 24, p. 41, pl. 7, figs. 19, 20. Recent, Gulf of 
Paria, Trinidad, B.W.I., 0-2 fathoms. 

gracilis Cushman and Bronnimann, 1bid., 

vol. 24, p. 40, pl. 7, figs. 17, 18. Recent, Gulf of 

Paria, Trinidad, B.W.I., 0-2 fathoms. 

trinitatensts Cushman and H. H. Renz, 
ibid., Spec. Publ. 24, p. 13, pl. 3, fig. 5. Eocene, 
Trinidad, B.W.I. 

Pseudocyclammina kelleri Henson, Larger Im- 
perforate Foram. S.-W. Asia, Brit. Mus. Nat. 
Hist., p. 16, pl. 9, figs. 4, 5. 7. Middle Jurassic, 











raq. 
Pseudoglandulina madrugaensis Cushman and 
Bermudez, Cushman Lab. Foram. Res., Contr., 
vol. 24, p. 70, pl. 11, fig. 7. Paleocene, Cuba. 
PSEUDOPARRELLA nom. nov. Cushman and 
ten Dam, ibid., vol. 24, p. 49. Family Cassidu- 
linidae. Genotype: Pulvinulinella subperuviana 
Cushman, 1926, zbid., vol. 2, p. 63, pl. 9, fig. 9. 
New generic name for: Pulvinulinella Cush- 
man, 1926 (non Eimer and Ficker, 1899), 
Cushman Lab. Foram. Res., Contr., vol. 2, 


p. 62. 

madrugaensis Cushman and Bermudez, 
ibid., Contr. vol. 24, p. 73, pl. 12, figs. 11-13. 
Paleocene, Cuba. 

Pseudopolymorphina calvertensis Cushman, State 
of Maryland, Board of Nat. Resources, Dept. 
of Geol. etc., Bull. 2, p. 218, pl. 15, figs. 5-7. 
Miocene, Maryland. 

etchenbergi ten Dam, Jour. Paleontology, 

vol. 22, p. 186, pl. 32, fig. 22. Neocomian, 

Holland. For: Polymorphina aff. porrecta 

Eichenberg, 1935, (non Reuss, 1860), Nieder- 

—_ geol. Ver., 26. Jahresber., p. 183, pl. 17, 
g. 4. 

geijert Brotzen, Sverig. geol. Unders. 

Ser. C, No. 493, Arsbok 42, No. 2, p. 52, text 

- 10, No. 15; 12, nos. 1-4. Paleocene, Swe- 
en. 














var. angusta  Brotzen, 
ibid., Arsbok 42, No. 2, p. 53, text figs. 10, 
No. 14; 13, nos. 1-5. Paleocene, Sweden. 

——— paleocenica Brotzen, ibid., Arsbok 42, 
No. 2, p. 50, text figs. 10, no. 13; 11, nos. 1-22. 
Paleocene, Sweden. 

Pullenia charapotoensis Cushman and Stevenson, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 66, pl. 10, fig. 18. Miocene, Ecuador. 

PULSIPHONINA subgen. nov. Brotzen, Sverig. 
geol. Unders., Ser. C, No. 493, Arsbok 42, No. 
2, p. 106. New subgenus of genus Siphonina 
Reuss, 1850. Family Epistominidae. Subgeno- 
type: Siphonina prima, Plummer, 1926 (1927), 
Univ. Texas Bull. 2644, p. 148, pl. 12, fig. 4. 
Maestrichtian to Paleocene, Eocene ?. 

elegans Brotzen, tbid., Arsbok 42, No. 2, 

p. 107, pl. 17, fig. 5. Paleocene, Sweden. (Note: 
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The correct citation would be: Siphonina (Pul- 
stphonina) elegans Brotzen n. sp.) 

Pulvinulinella atlantisae Cushman, 1939, var. 
dissonata Cushman and H. H. Renz, Cushman 
Lab. Foram. Res., Spec. Publ. 24, p. 35, pl. 7, 
figs. 11, 12. Eocene, Trinidad, B.W.I. 

P yramidina crassa Brotzen, Sverig. geol. Unders., 
Ser. C, No. 493, Arsbok 42, no. 2, p. 63, pl. 6, 
fig. 8. Paleocene, Sweden. 

Pyrgo luphert Rau, Jour. Paleontology, vol. 22, 
p. 160, pl. 28, figs. 8, 9. Upper Eocene, Wash- 
ington. 


QATARIA gen. nov. Henson, Larger Imper- 
forate Foram. S.-W. Asia, Brit. Mus. Nat. 
Hist., p. 98. Family Meandropsinidae. Geno- 
type: Qataria dukhani Henson, 1948, ut infra. 
Middle Cretaceous (upper Cenomanian to 
Turonian). 

dukhani Henson, tbid. p. 100, pl. 7, figs. 
11, 13; pl. 11, figs. 11-13; text fig. 15. Upper 
Cenomanian-Turonian, Arabia. 

Quinqueloculina imperialis Hanna and Hanna, 
1924, var. porterensis Rau, Jour. Paleontology, 
vol. 22, p. 159, pl. 27, figs. 9-11. Upper Eocene, 
Washington. 

weavert Rau, ibid., vol. 22, p. 159, pl. 28, 

figs. 1-3. Upper Eocene, Washington. 








Rectogiimbelina trinitatensis Cushman and H. H. 
Renz, Cushman Lab. Foram. Res., Spec. Publ. 
24, p. 23, pl. 5, fig. 7. Eocene, Trinidad, B.W.I. 

REINHOLDELLA gen. nov. Brotzen, Sverig. 
geol. Unders., Ser. C, No. 493, Arsbok 42, No. 
2, p. 126. Family Ceratobuliminidae. Geno- 
type: (Brotzen’s reference) ‘‘Asterigerina dre- 
heri, collection Geologische Stichting Haarlem 
No. F. 410, original of ten Dam and Reinhold’s 
figure 1, 1941.’’ (Note: the genotype apparently 
is Discorbis dreherit Bartenstein, 1937, Ab- 
handl. Senckenberg. Naturf. Ges., vol. 439, p. 
192, pl. 6, fig. 15; pl. 8, fig. 42; pl. 10, fiz. 47.) 
Lower Liassic to lower Oolithic. 

Reussella aequa Cushman and McCulloch, Allan 
Hancock Pacific Exped., vol. 6, no. 5, p. 251, 
pl. 31, fig. 7. Recent, Pacific, off Mexico 16 
fathoms. For: Reussia spinulosa Cushman and 
Kellett, 1929 (non Reuss, 1850), U. S. Nat. 
Mus., Proc., vol. 75, Art. 25, p. 9, pl. 3, fig. 10. 

finlayi Dorreen, Jour. Paleontology, vol. 
22, p. 292, pl. 38, fig. 4. Upper Eocene, New 
Zealand. 

——— pacifica Cushman and McCulloch, Allan 
Hancock Pacific Exped., vol. 6, no. 5, p. 251, 
pl. 31, fig. 6. Recent, Pacific, off Galapagos 
Islands, 9 fathoms. 

see Bulimina. 

Rhapydionina urensis Henson, Larger Imper- 
forate Foram. S.-W. Asia, Brit. Mus. Nat. 
Hist., p. 86, pl. 7, figs. 5 a—c, 7; pl. 8, figs. 19- 
21; pl. 16, figs. 1, 4, 22, ? 6. Lutetian, Iraq. 

var. minima Henson, 
ibid., p. 88, pl. 16, figs. 19-21. Lutetian, Iraq. 

Rhipidionina macfadyeni Henson, ibid., p. 90, 
pl. 16, figs. 8, 10, 13, 14, 17, ? Sand 7. Lutetian, 
Iraq. 














williamsoni Henson, ibid., p. 88, pl. 16, 
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figs. 2, 3, 9, 11, 12, 15, 16, 18, 23. Upper Lu- 
tetian, Iraq. 

Robulus chehalisensis Rau, Jour. Paleontology, 
vol. 22, p. 162, pl. 29, figs. 14, 15. Upper Eo- 
cene, Washington. 

discus Brotzen, Sverig. geol. Unders., 

Ser. C., No. 493, Arsbok 42, no. 2, p. 42, pl. 7, 

figs. 3-5; text fig. 7. Paleocene, Sweden. 

klagshamnensis Brotzen, tbid., Arsbok 42, 

no. 2, p. 41, pl. 7, figs. 1, 2. Paleocene, Sweden. 

For: Cristellaria w.f. clypetformis d’Orb. in v. 

Koenen, 1885, Abhandl. k. Ges. Géttingen, 

vol. 32, p. 108, pl. 5, fig. 14; and for: Cristellaria 

osnabrugensts v. Munst. in Franke, 1927, Dan- 

marks geol. Unders., vol. 2, no. 46, p. 27, pl. 2, 

fig. 14. 

lincolnensts Rau, Jour. Paleontology, vol. 

22, p. 161, pl. 28, figs. 14, 15. Upper Eocene 

Washington. 

midwayensts (Plummer, 1927) var. vir- 
ginianus Shifflett, State of Maryland, Board of 
Nat. Resources, Dept. of Geol. etc., Bull. 3, 
p. 48, pl. 1, figs. 15, 16. Lower Eocene (Wil- 
cox), Virginia. 

Rosalina koeneni Brotzen, Sverig. geol. Unders., 
Ser. C, No. 493, Arsbok 42, No. 2, p. 73, pl. 9, 
fig. 11. Paleocene, Sweden. 

ystadiensts Brotzen, tbid., Arsbok 42, 
no. 2, p. 72, pl. 9, fig. 9. Paleocene, Sweden. 

Rotalia ecuadorana Cushman and Stevenson, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 65, pl. 10, fig. 17. Miocene, Ecuador. (Cave: 
Rotalia equatoriana LeRoy, 1941.) 

Rotalipora cushmant (Morrow, 1934) var. evoluta 
Sigal, Rev. Inst. Franc. Pétrole et Ann. Comb. 
Liquides, vol. 3, p. 100, pl. 1, fig. 3; pl. 2, fig. 
2. Lower Cenomanian, Algeria. 

globoiruncanoides Sigal, tbid., vol. 3, p. 

100, pl. 1, fig. 4; pl. 2, figs. 3-5. Middle Ceno- 

manian, Algeria. 




















Saracenaria fragilis Cushman and Todd, Cush- 
man Lab. Foram. Res., Contr., vol. 24, p. 3, 
pl. 1, fig. 17. Upper Eocene, Mississippi. 

kellumi Dorreen, Jour. Paleontology, vol. 
22, p. 289, pl. 37, fig. 4. Upper Eocene, New 
Zealand. 

SAUDIA gen. nov. Henson, Larger Imperforate 
Foram. S.-W. Asia, Brit. Mus. Nat. Hist., p. 
97. Family Meandropsinidae. Genotype: Sau- 
dia discoidea Henson, 1948, ut infra. Lower 
Eocene. 

discoidea Henson, tbid., p. 97, p. 12, figs. 
1-5; text fig. 14. Lower Eocene, Arabia. 

Sigmorphina marylandica Cushman, State of 
Maryland, Board of Nat. Resources, Dept. of 
Geol. etc., Bull. 2, p. 219, pl. 15, fig. 8. Mio- 
cene, Maryland. 

nevifera Dorsey, tbid., Bull. 3, p. 298, pl. 

34, figs. 6, 7. Miocene, Maryland. For: Py- 

rulina albatrosst Cushman and Cahill, 1933, 

(non Cushman and Ozawa, 1930), U. S. Geol. 

Surv., Prof. Pap. 175-A, p. 18, pl. 6, fig. 5. 

soluta Brotzen, Sverig. geol. Unders., 

Ser. C, No. 493, Arsbok 42, no. 2, p. 53, pl. 8, 

figs. 6-10; text fig. 10, no. 16. Paleocene, Swe- 

den. 
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undulata Rau, Jour. Paleontology, vol, 
22, p. 170, pl. 30, figs. 15, 16. Upper Eocene 
Washington. ’ 

Siphonina (Pulsiphonina) elegans Brotzen, see 
Pulstphonina. 

Stphonodosaria frizzelli Rau, Jour. Paleontology 
vol. 22, p. 171, pl. 30, fig. 10. Upper Eocene. 
Washington. 

serrata Muraour, Soc. géol. France 
Comptes-rendus, p. 251, text figs. A-C, Plio. 
cene, Astian, Algeria. 

Spiroplectammina extlis Dorsey, State of Mary- 
land, Board of Nat. Resources, Dept. of Geol. 
etc., Bull. 2, p. 275, pl. 27, figs. 1, 2. Miocene, 
Maryland. For: Spiroplectammina gracilis 
Cushman and Cahill, 1933, (non v. Muenster, 
1838), U. S. Geol. Surv., Prof. Pap. 175-A, p. 
6, pl. 1, figs. 6, 7. 

plummerae Cushman, nom. nov., ibid., 

Bull. 2, p. 226, pl. 16, fig. 2. Eocene, Maryland, 

For: Textularta carinata d’Orbigny, 1846, var. 

expansa Plummer, 1926 (1927), Univ. Texas 

Bull. 2644, p. 67, pl. 3, fig. 1. 

spinosa Dorsey, tbid., Bull. 2, p. 276, pl. 

27, figs. 5, 6. Miocene, Maryland. 

trinitatensts Cushman and H. H. Renz, 
Cushman Lab. Foram. Res., Spec. Publ. 24, 
p. 11, pl. 2, figs. 13, 14. Upper Eocene, Trini- 
dad, B.W.I. 

Spiroplectoides see Bolivinopsis. 

Staffella depressa Thompson, Univ. Kansas Pa- 
leont. Contr., Protozoa, Art. 1, p. 77, pl. 25, 
figs. 1-6. Lower middle Pennsylvanian, Texas. 

powwowensts Thompson, ibid., Art. 1, p. 
78, pl. 25, figs. 7-12. Lower middle Pennsyl- 
vanian, Texas. 

Stichoctbicides cerviculus Shifflett, State of Mary- 
land, Board of Nat. Resources, Dept. of Geol. 
etc., Bull. 3, p. 76, pl. 5, fig. 10. Lower Eocene, 
Wilcox, Virginia. 

STOMATORBINA gen. nov. Dorreen, Jour. 
Paleontology, vol. 22, p. 295. Family Rotali- 
idae; subfamily Rotaliinae. Genotype: La- 
marckina torret Cushman and_ Bermudez, 
1937. Cushman Lab. Foram. Res., Contr., vol. 
13, p. 21, pl. 2, figs. 24-26. Upper Eocene. 

















Taberina bingtstant Henson, Larger Imperforate 
Foram. S.-W. Asia, Brit. Mus. Nat. Hist., p. 
83, pl. 6, figs. 4-6. Middle Cretaceous, Iran. 

Textularia aorangi Dorreen, Jour. Paleontology, 
vol. 22, p. 286, pl. 36, fig. 2. Upper Eocene, New 
Zealand, 

kattagatensis Héglund, nom, nov. Cush- 

man Lab. Foram. Res. Contr., vol. 24, p. 46. 

New name for: Textularia gracillima Héglund, 

1947, (non Andreae, 1884), Zool. Bidr. Upp- 

sala, vol. 26, p. 180, pl. 13, fig. 2; text fig. 156. 

Recent, North Sea. 

obliqua Dorsey, State of Maryland, Board 

of Nat. Resources, Dept. of Geol. etc., Bull. 2, 

p. 279, pl. 28, figs. 6, 7. Miocene, Maryland. 

ultima-inflata Dorsey, ibid., Bull. 2, p. 
279, pl. 28, fig. 8. Miocene, Maryland. 

Textularia ? almadenensis Cushman and Todd, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
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p. 91, pl. 16, fig. 4. Cretaceous ?, probably 
lower, California. 

THALMANNINELLA gen. nov. Sigal, Rev. 
Inst. Franc. Pétrole et Ann. Combust. Li- 
uides, vol. 3, p. 101. Family Globorotaliidae. 
notype: Thalmanninella brotzeni Sigal, 1948, 

ut infra. Upper Cretaceous. 
brotzent Sigal, tbtd., vol. 3, p. 102, pl. 1, 
fig. 5; pl. 2, figs. 6, 7. Middle Cenomanian, Al- 





eria. 

Siremeiine (?) faerleensis Higlund nom. nov., 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 45. New name for: Thurammina (?) sphae- 
rica Héglund, 1947, (non Ireland, 1939), Zool. 
Bidr. Uppsala, vol. 26, p. 54, pl. 4, figs. 22-26. 
Recent, North Sea. 

Tritaxilina ? almadenensis Cushman and Todd, 
ibid., vol. 24, p. 94, pl. 16, fig. 9. Cretaceous ?, 
probably lower, California. 

Trochammina comprimata Cushman and Bronni- 
mann, tbid., vol. 24, p. 41, pl. 8, figs. 1-3. 
Recent, west coast of Trinidad, B.W.I., brack- 
ish water. 

laevigata Cushman and _ Bronnimann, 

ibid., vol. 24, p. 41, pl. 7, figs. 21, 22. Recent 

west coast of Trinidad, B.W.I., brackish water. 

For: Trochammina globigeriniformis Cushman 

and Parker, 1931, (non Parker and Jones, 

1865), U. S. Nat. Mus., Proc., vol. 80, Art. 3, 

p. 6, pl. 2, fig. 4. 

pacifica Cushman, 1925, var. simplissima 

Cushman and McCulloch nom. nov., tbid., vol. 

24, p. 76. Recent, Pacific. New name for: 

Trochammina pacifica Cushman, 1925, var. 

stmplex Cushman and McCulloch, 1939, (non 

Friedberg, 1902), Allan Hancock Pacific Ex- 

ped., vol. 6, no. 1, p. 104, pl. 11, fig. 4. 

quadriloba Héglund nom. nov., tbid., vol. 
24, p. 46. New name for: Trochammina pusilla 
Héglund, 1947, (non Geinitz, 1848), Zool. 
Bidr. Uppsala, vol. 26, p. 201, pl. 17, fig. 4; 
text figs. 183, 184. Recent, North Sea. 

TROCHAMMINITA gen. nov. Cushman and 
Bronnimann, ibid., vol. 24, p. 17. Family 
Trochamminidae. Genotype: Trochamminita 
irregularis Cushman and Bronnimann, ut infra. 
Recent, Brackish water. 

——— irregularis Cushman and Bronnimann, 
tbid., vol. 24, p. 17, pl. 4, figs. 1-3. Recent, west 
coast of Trinidad, B.W.I., brackish water. 











Uvigerina bortotara (Finlay, 1939) var. costata 
Dorreen, Jour. Paleontology, vol. 22, p. 293, 
pl. 38, fig. 5. Upper Eocene, New Zealand. 

calvertensis Cushman, State of Mary- 

land, Board of Nat. Resources, Dept. of Geol. 
etc., Bull. 2, p. 222, pl. 15, figs. 9-11. Mio- 
cene, Maryland. 

charapotoensis Cushman and Stevenson, 

Cushman Lab. Foram. Res., Contr., vol. 24, 

p. 62, pl. 10, fig. 4. Miocene, Ecuador. 

directa Dorsey, State of Maryland, Board 

of Nat. Resources, Dept. of Geol. ete., Bull. 2, 

Pp. 308, pl. 36, fig. 21. Miocene, Maryland. 
or: Uvigerina cf. pigmea d’Orb. in Cushman, 

1930, Florida State Geol. Surv., Bull. 4, p. 49, 

pl. 9, fig. 5. 











excellens Todd, in Cushman and McCul- 
loch, Allan Hancock Pacific Exped., vol. 6, 
no. 5, p. 258, pl. 33, fig. 2. Recent, Pacific, off 
Mexico, 183 fathoms. For: Uvigerina sp. Cush- 
man and Gray, 1946, Cushman Lab. Foram. 
Res., Spec. Publ. 19, p. 37, pl. 6, fig. 15. 

extlis Cushman, State of Maryland, 
Board of Nat. Resources, Dept. of Geol. etc., 
Bull. 2, p. 237, pl. 15, fig. 12. Eocene, Mary- 


land. 

incilis Todd, in Cushman and McCulloch, 
Allan Hancock Pacific Exped., vol. 6, no. 5, 
p. 260, pl. 33, fig. 4. Recent, Pacific, off Mexi- 
co, 50 fathoms. 
marksit Cushman and Stevenson, Cush- 
man Lab. Foram. Res., Contr., vol. 24, p. 62, 
pl. 10, fig. 6. Miocene, Ecuador. 
montesanensis Rau, Jour. Paleontology, 
vol. 22, p. 778, pl. 119, figs. 10, 11. Lower 
Miocene, Washington. 
peregrina Cushman, 1923, var. dirupta 
Todd, in Cushman and McCulloch, Allan Han- 
cock Pacific Exped., vol. 6, no. 5, p. 267, pl. 
34, fig. 3. Recent, Pacific, off California, 490 
fathoms. 




















Vaginulina semilaevis Cushman and Bermudez, 
Cushman Lab. Foram. Res., Contr., vol. 24, 
p. 70, pl. 11, fig. 6. Paleocene, Cuba. 

Valvulammina nassauensis Applin and Jordan, 
1945, var. cubana Cushman and Bermudez, 
ibid., vol. 24, p. 68, pl. 11, fig. 1. Paleocene, 
Cuba. 

Valvulineria ecuadorana Cushman and Steven- 
son, ibid., vol. 24, p. 64, pl. 10, fig. 12. Mio- 
cene, Ecuador. 

extensa Cushman and Bermudez, ibid., 

vol. 24, pl. 12, figs. 7-9. Paleocene, Cuba. 

insueta Cushman and Bermudez, ibid., 
vol. 24, p. 85, pl. 14, figs. 7-9. Paleocene, Cuba. 
madrugaensis Cushman and Bermudez, 
tbid., vol. 24, p. 73, pl. 12, fig. 10. Paleocene, 

Cuba. 

ravni Brotzen, Sverig. geol. Unders., Ser. 
C., No. 493, Arsbok 42, No. 2, p. 74, pl. 9, 
fig. 13. Paleocene, Sweden. 

Virgulina sandegreni Brotzen, ibid., Arsbok 42, 
No. 2, p. 65, pl. 9, fig. 2. Paleocene, Sweden. 
unca Cushman and Todd, Cushman Lab. 
Foram. Res. Contr., vol. 24, p. 4, pl. 2, fig. 3. 

Upper Eocene, Mississippi. 

yazooensis Cushman and Todd, 7bid., vol. 

24, p. 3, pl. 2, fig. 4. Upper Eocene, Missis- 


sippi. 




















Webbinella arctica Cushman, Cushman Lab. 
Foram. Res., Spec. Publ. 23, p. 14, pl. 1, figs. 
14, 15. Recent, Arctic, East coast Hudson Bay, 
5-7 fathoms. For: Webbinella hemisphaerica 
Cushman, 1922, (non Jones, Parker and Brady, 
1866), Contr. Canadian Biol., p. 138. 

WETHEREDELLA gen. nov. Wood, Geologists’ 
Assoc. London, Proc., vol. 59, p. 20. Family 
relationship not yet established (probably new 
family). Genotype: Wetheredella stlurica Wood, 
1948, ut infra. Silurian. 
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stlurica Wood, ibid., vol. 59, p. 20, pl. 3, 
fig. B; pl. 5, fig. B. Silurian, Wenlock, England. 


ZEKRITIA gen. nov. Henson, Larger Imper- 
forate Foram. S.-W. Asia, Brit. Mus. Nat. 
Hist., p. 95. Family Meandropsinidae. Geno- 
type: Zekritia langhami Henson, 1948, ut infra. 
Middle Cretaceous. 

langhami Henson, tbid., p. 95, pl. 11, fig. 

7. Middle Cretaceous, probably Turonian, 

Arabia. 


FORMS WITH NOMENCLATURA 
APERTA 





(The numbers in italic type refer to the publi- 
cations in the preceding Bibliography for 1948) 


Alabamina sp. Brotzen, 26, p. 98, text fiz. 25. 
Danian, Sweden. 

Ammobaculites sp. Shifflett, 215, p. 45, pl. 1, fig. 6. 
Lower Eocene, Virginia. 

sp. Parker, 188, pl. 1, fig. 6. Recent, 
Atlantic. 

Amphimorphina sp. 9 Stainforth, 219, p. 129, pl. 
24, figs. 9-11. Upper Eocene, Ecuador. 

Amphistegina sp. Dorreen, 85, p. 298, pl. 40, fig. 
6. Upper Eocene, New Zealand. 

Angulogerina sp. 1 Parker, 188, pl. 1, fig. 14. 
Recent, Atlantic. 

sp. 2 Parker, 188, pl. 5, fig. 22. Recent, 
Atlantic. 
Arenobulimina sp. Cushman and Todd, 66, p. 
93, pl. 16, fig. 10. Cretaceous ?, California. 
Astacolus sp. a Renz, 202, p. 116, pl. 4, fig. 22. 
Upper Oligocene, Venezuela. 

sp. b Renz, 202, p. 116, pl. 4, fig. 24. Mid- 
dle Oligocene, Venezuela. 

Bolivina sp. Cushman and Todd, 66, p. 95, pl. 16, 
fig. 14. Cretaceous ?, California. 

sp. Dorreen, 85, p. 292, pl. 38, fig. 3. 

Upper Eocene, New Zealand. 

sp. 1 Parker, 188, pl. 5, fig. 16. Recent, 

Atlantic. 

sp. 2 Parker, 188, pl. 5, fiz. 18. Recent, 
Atlantic. 

Bulimina sp. Cushman and Todd, 66, p. 94, pl. 
16, fig. 13. Cretaceous ?, California. 

sp. Dorsey, 86, p. 304, pl. 35, fig. 4. 

Miocene, Maryland. 

sp. Parker, 188, pl. 5, fig. 13. Recent, 
Atlantic. 

Cassidulina sp. Parker, 188, pl. 6, fig. 6. Recent, 
Atlantic. 

Cibicides sp. Dorsey, 86, p. 316, pl. 39, fig. 3. 
Miocene, Maryland. 

Conorbina sp. Brotzen, 26, p. 71, pl. 9, fig. 8. 
Paleocene, Sweden. 

Cyclammina sp. Shifflett, 215, p. 45, pl. 1, fig. 7. 
Eocene, Virginia. 

Cymbalopora sp. Brotzen, 26, p. 91, pl. 15, fig. 1. 
Paleocene, Sweden. 

Darbyella ? sp. Rau, 197, p. 163, pl. 29, figs. 18, 
19. Eocene, Washington. 

Dentalina sp. Cushman, 45, p. 45, pl. 5, fig. 7. 
Recent, Arctic. 

sp. Cushman, 45, p. 45, pl. 5, fig. 6. Re- 
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* A Cushman and Stevenson, 63, p. 53, 

pl. 9, fig. 11. Miocene, Ecuador. 

sp. A Cushman and Todd, 65, p. 29, pl. 

5, fig. 18. Eocene, Mississippi. 

. B Cushman and Stevenson, 63, p. 53, 
pl. 9, fig. 12. Miocene, Ecuador. 

sp. B Cushman and Todd, 65, p. 29, pl. 5, 

fig. 19. Eocene, Mississippi. 

sp. Dorsey, 86, p. 285, pl. 31, fig. 2. Mio- 

cene, Maryland. 

sp. A Rau, 197, p. 166, pl. 29, fig. 3, 

Eocene, Washington. 

? sp. B Rau, 197, p. 166, pl. 29, fig. 5, 

Eocene, Washington. 

sp. C Rau, 197, p. 167, pl. 29, fig. 7. Eo- 

cene, Washington. 

? sp. D Rau, 197, p. 167, pl. 29, fig. 8. 
Eocene, Washington. 

Discocyclina (Discocyclina) sp. de Cizancourt, 
36, p. 55, pl. 8, fig. 19; pl. 9, fig. 24. Eocene, 
Czechoslovakia. 

Discorbis sp. Dorsey, 86, p. 311, pl. 37, fig. 3. 
Miocene, Maryland. 

sp. 2 Parker, 188, pl. 1, fig. 15. Recent, 
Atlantic. 

Ellipsonodosaria sp. Cushman, 49, p. 239, pl. 19, 
fig. 11. Eocene, Maryland. 

Elphidium sp. Parker, 188, pl. 1, fig. 12. Recent, 
Atlantic. 

sp. A 5 Stainforth, 219, p. 120, pl. 24, figs. 

4, 5. Miocene, Ecuador. 

sp. B 6 Stainforth, 219, p. 120, pl. 24, figs. 
6, 7. Miocene, Ecuador. ; 

Entosolenia ? sp. Renz, 202, p. 133, pl. 6, fig. 17. 
Oligocene, Venezuela. 

Eponides sp. Cushman and Todd, 66, p. 95, pl. 
16, fig. 15. Cretaceous ?, California. 

sp. Parker, 185, pl. 3, fig. 13. Recent, 

Atlantic. 

sp. Shifflett, 215, p. 68, pl. 4, fig. 7. Eo- 

cene, Virginia. 

? sp. Rau, 198, p. 779, pl. 119, figs. 18- 
20. Miocene, Washington. 

Fusulinella sp. A Thompson, 227, p. 96, pl. 36, 
figs. 1-6, 11. Pennsylvanian, Texas. 

Gavelinella (?) sp. Brotzen, 26, p. 76, pl. 9, fig. 10. 
Paleocene, Sweden. 

Globigerina sp. Cushman and Todd, 66, p. 96, 
pl. 16, fig. 17. Cretaceous ?, California. 

sp. Dorsey, 86, p. 313, pl. 38, fig. 4. Mio- 
cene, Maryland. 

Globigerinoides sp. A Dorsey, 86, p. 314, pl. 38, 
figs. 5-7. Miocene, Maryland. 

sp. B Dorsey, 86, p. 314, pl. 38, figs. 8, 9. 

Miocene, Maryland. 

sp. indet. 13 Stainforth, 219, p. 123, pl. 
26, figs. 13-15. Miocene, Ecuador. 

Guttulina sps. Dorreen, 85, p. 289, pl. 37, fig. 8. 
Eocene, New Zealand. 

Gyrotdina sp. Cushman and Todd, 66, p. 95, pl. 
16, fig. 16. Cretaceous ?, California. 

Halkyardia sp. 1 Stainforth, 219, p. 130, pl. 25, 
figs. 1, 2. Oligocene, Ecuador. 

Hantkenina spp. Stainforth, 219, p. 137, pl. 25, 
fig. 3. Eocene, Ecuador. 

Haplophragmoides sp. Parker, 188, pl. 4, fig. 20. 
Recent, Atlantic. 
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Hastigerinella sp. Cushman and Todd, 66, p. 96, 
pl. 16, fig. 20. Cretaceous ?, California. 

Lagena sp. Cushman and Todd, 65, p. 30, pl. 5, 
fig. 25. Eocene, Mississippi. 

—— sp. A Dorsey, 86, p. 290, pl. 31, figs. 7, 8. 
Miocene, Maryland. 

sp. B Dorsey, 86, p. 290, pl. 31, figs. 13, 

14. Miocene, Maryland. 

sp. C Dorsey, 86, p. 291, pl. 31, figs. 17, 

18. Miocene, Maryland. 

sp. D Dorsey, 86, p. 291, pl. 31, figs. 19- 

23. Miocene, Maryland. 

sp. E Dorsey, 86, p. 291, pl. 31, fiz. 24. 

Miocene, Maryland. 

sp. Rau, 197, p. 169, pl. 30, fiz. 4. Eocene, 

Washington. 

sp. Rau, 198, p. 777, pl. 119, fig. 4. Mio- 
cene, Washington. 

Lepidocyclina (Eulepidina) sp. Rutten, 206, p. 
171, text fig. 1. Miocene, Borneo. 

Lituola sp. Henson, 123, p. 9, pl. 10, fig. 1. 
Jurassic, Arabia. 

Lockhartta sp. Rutten, 206, p. 171, text fig. 3. 
Reworked in Miocene, Borneo. 

Marginulina sp. A Dorsey, 86, p. 285, pl. 30, fig. 
9. Miocene, Maryland. 

sp. B Dorsey, 86, p. 285, pl. 30, fig. 10. 
Miocene, Maryland. 

——— sp. C Dorsey, 86, p. 285, pl. 30, fig. 11. 
Miocene, Maryland. 

sp. D Dorsey, 86, p. 285, pl. 30, figs. 12, 
13. Miocene, Maryland. 

Massilina sp. Parker, 188, pl. 2, fig. 8. Recent, 
Atlantic. 

Nankinella sp. Thompson, 227, p. 77, pl. 25, figs. 
13-16. Pennsylvanian, Texas. 

Nodosaria sp. Shifflett, 215, p. 51, pl. 2, fig. 6. 
Eocene, Maryland. 

? sp. Rau, 197, p. 168, pl. 30, fig. 6. 
Eocene, Washington. 

Nummulites sp. de Cizancourt, 35, p. 25, pl. 1, 
fig. 9. Eocene, Barbados. 

(Operculinella ?) sp. de Cizancourt, 35, 
p. 30, pl. 2, fig. 4. Eocene, Barbados. 

Orbitolinopsis sp. Henson, 123, p. 68, pl. 2, fig. 
11. Cretaceous, Iran. 

Orbitopsella sp. Henson, 123, p. 18, pl. 10, figs. 
2, 3, 6, 10. Upper Triassic or lower Jurassic, 
Oman. 

Palmerinella spp. Stainforth, 219, p. 133, pl. 25, 
fiz. 4. Miocene, Ecuador. 

Patellina sp. Brotzen, 26, p. 71, pl. 9, fig. 6. 
Paleocene, Sweden. 

Planularia sp. A Cushman, 49, p. 219, pl. 15, 
figs. 2, 3. Miocene, Maryland. 

sp. B Cushman, 49, p. 216, pl. 15, fig. 1. 

Miocene, Maryland. 

sp. Dorsey, 86, p. 284, pl. 30, fig. 7. 
Miocene, Maryland. 

Polymorphina sp. Shifflett, 215, p. 59, pl. 3, fig. 5. 
Eocene, Maryland. 

Profusulinella sp. A Thompson, 227, p. 87, pl. 29, 
figs. 1-4. Pennsylvanian, Texas. 

Pyrgo sp. Renz, 202, p. 155, pl. 3, fig. 3. Oligocene, 
Venezuela. 

Pyrulina sp. Shifflett, 215, p. 56, pl. 2, fig. 23. 
Eocene, Maryland, Virginia. 
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Quinqueloculina sp. Rau, 198, p. 776, pl. 119, 
figs. 1-3. Miocene, Washington. 

Reophax sp. Shifflett, 215, p. 44, pl. 1, fig. 3. Eo- 
cene, Virginia. 

Robertina sp. Parker, 188, pl. 3, fig. 7. Recent, 
Atlantic. 

Robulus sp. Cushman and Todd, 65, p. 29, pl. 5, 
fig. 15. Eocene, Mississippi. 

——— sp. 1 Parker, 188, pl. 2, fig. 12. Recent, 
Atlantic. 

sp. 2 Parker, 188, pl. 2, fiz. 13. Recent, 

Atlantic. 

sp. 3 Parker, 188, pl. 2, fig. 11. Recent, 
Atlantic. 

Saracenaria sp. Dorsey, 86, p. 286, pl. 30, fig. 5. 
Miocene, Maryland. 

Sigmotdella sp. Dorsey, 86, p. 299, pl. 34, figs. 3, 
4. Miocene, Maryland. 

Spirocyclina sp. Henson, 123, p. 20, pl. 10, figs. 
8, 9; pl. 13, figs. 1, 2, 5, 6. Upper Jurassic, 
Arabia. 

Spiroplectammina sp. Parker, 188, pl. 4, fig. 21. 
Recent, Atlantic. 

Stomatorbina sp. Dorreen, 85, p. 296, pl. 39, fig. 
5. Eocene, New Zealand. 

Textularia ? sp. or Vulvulina ? sp. Renz, 202, p. 
171, pl. 1, fig. 24. Oligocene, Venezuela. 

Triloculina sp. Parker, 188, pl. 1, fig. 4. Recent, 
Atlantic. 

Trochammina sp. Shifflett, 215, p. 48, pl. 1, fig. 
13. Eocene, Virginia. 

Trochamminoides sp. Cushman and Renz, 61, 
p. 10, pl. 2, fig. 4. Eocene, Trinidad. 

Uvigerina sp. Parker, 188, pl. 5, fig. 19. Recent, 
Atlantic. 

sp. A Todd, 59, p. 271, pl. 34, fig. 8. 
Recent, Pacific. 

——— sp. B Todd, 59, p. 271, pl. 34, fig. 9. Re- 
cent, Pacific. 

Vaginulina sp. Cushman, 49, p. 217, pl. 15, fig. 
4. Miocene, Maryland. 

sp. Dorsey, 86, p. 286, pl. 30, fig. 6. Mio- 

cene, Maryland. 

sp. a Renz, 202, p. 176, pl. 4, fig. 23. 
Oligocene, Venezuela. 

Valvulineria sp. Parker, 188, pl. 4, fig. 13. Recent, 
Atlantic. 

Virgulina sp. Parker, 188, pl. 5, fig. 14. Recent, 
Atlantic. 

















NOMINA NUDA 


The following nomina nuda were noted in the 
literature of the preceding Bibliography: 
Cushman, in Lit. No. 49, refers to the following 
species from the Eocene of Maryland: 
Bolivina virginiana Cushman and Cederstrom, 
Ceratobulimina rotundata Cushman and Ceder- 
strom 
Cibicides speciosus Cushman and Cederstrom 
Dentalina bevani Cushman and Cederstrom 
Loxostomum longiforme Cushman and Ceder- 
strom 
Plectofrondicularia virginiana Cushman and 
Cederstrom 


and 
Robulus virginianus Cushman and Cederstrom 
As the original paper by Cushman and Ceder- 
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strom has not yet been published, at least not 
during the year 1948, all seven species have to be 
regarded as nomina nuda from a nomenclatural 
point of view. 

Ikebe, in Lit. No. 135, mentions Lepidocyclina 
makiyamai n. sp., and Lepidocyclina tkebei n. sp. 
Lepidocyclina makiyamai has been published cor- 
rectly as a new species in Jour. Paleontology, vol. 
23, 1949, p. 212, but Lep. ikebez is still regarded 
as a nomen nodum. 

Sigal, in Lit. No. 217, mentions a new genus, 
Cribrogloborotalia gen. nov. which has not yet 
been published in accordance with the stipula- 
tions of the International Rules of Zoological 
Nomenclature. The same is the case with Globo- 
truncana brotzeni n. sp. in Sigal, Lit. No. 216, 
p. 14. 


ADDITIONS TO THE PRECEDING 
BIBLIOGRAPHY FOR 1948 


After submission of the Preceding bibliography 
to the Editor of this JouRNAL (May 1949) the 
following additional titles of publications on 
Foraminifera have come to the attention of the 
compiler, bringing the total of papers for the year 
1948 to 321. 


252. ABRARD, R., Observations (to A. CHAVAN: 
L’4ge des principaux gisements de calcaire 
pisolithique): Soc. géol. France, Bull., (5), 
vol. 18, p. 572-573. 

253. ALMELA, A., El Eoceno de San Lorenzo de 
Morunys (Lerida): Inst. geol. min. Espafia, 
Notas y Communic., No. 18, 25 pp., 2 pls., 
2 text figs. 

254. ANonyMous (A.K.), Mikhail Dimitrievitch 
Zalessky: Quart. Journ. Geol. Soc. London, 
— no. 415, vol. 104, no. 3, pp. xliii- 
xlv. 

255. ASANO, K., Foraminiferal zonation of the 
Wakimoto and Shibikawa formations, Oga 
Peninsula, Akita prefecture, as a standard 
subdivision of the Japanese Pliocene of the 
borderland of the Japan Sea: Geol. Soc. 
Japan, Jour., vol. 54, nos. 631-633, pp. 44— 
49. (Japanese with English summary). 

256. AsTRE, GASTON, Le déme rompu de Mariou 
dans le Nummulitique de Saint-Martin-le- 
Vieil (Aude): Soc. géol. France. Bull., (5), 
vol. 18, pp. 415-422, 3 text figs. 

257. AuGustA, J., Notice nécrologique sur M. 
Jaroslav Perner: Stat. Geol. Ust. Vestn., 
Czechoslovakia, vol. 23, pp. 25-36, por- 
trait. (In Czech with Russian and French 
summaries). 

258. BARTENSTEIN, H., Entwicklung der Gat- 
tung Lenticulina (Lenticulina) Lamarck 
1804 mit ihren Untergattungen (For.): 
Senckenbergiana, vol. 26, pp. 41-65, pls. 
2-6, 1 text fig., 3 tables. 

259. Carozz1, A., Etude stratigraphique et 


micrographique du Purbeckien du Jura 
suisse: Arch. Sci. Genéve, vol. 1, fasc. 2, pp. 
211-375, pls. 1-4, 56 text figs. 

260. CEDERSTROM, D. J., Geology and ground- 
water resources of the coastal plain in south- 
eastern Virginia: Virginia Geol. Surv., Bull. 


261. 


262. 


263. 


266. 


267. 


268. 


269. 


270. 


271. 


272. 


273. 


274. 


. ENGEL, F. M., 
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no. 63 (1945; published 1948), 384 pp., 38 
pls., 50 tables. 

CHARLES, FL. A., Observations sur les ter- 
rains de couverture dans les bassins car- 
boniféres du nord-ouest d |’Anatolie: Geol. 
Soc. Turkey, Bull., vol. 1, pp. 25-38, 1 text 
fig. (Turkish text). 

Cotom Casasnovas, G., Les lluvias de 
barro en Baleares, bajo el punto de vista 
geologico: Consejo Sup. Invest. Cient., Inst. 
Nacion. Geofis., Rev. Geofisica, no. 26, Ano 
7,17 pp., 2 pls., 7 text figs. 

Dam, A. TEN, and MAGNE, J., Les éspéces 
du genre de foraminiféres Globorotalites 
Brotzen: Inst. Frang. Pétrole et Ann. 
Comb. Liquides, Rev., vol. 3, pp. 222-228, 
10 text figs., 2 tables. 

Wunderwelt im Wasser- 
tropfen: Orion (Miinchen), vol. 3, pp. 15- 
22, text figs. (non vidt). 


. FLANDRIN, J., Contribution 4 |’étude strati- 


graphique du Nummulitique algérien: Serv. 
Carte géol. Algérie, Bull., (2), Stratigraphie, 
No. 19, 334 pp., 89 figs., 9 pls. 

GIANNINI, Enzo, I foraminiferi del giaci- 
mento Calabriano di Vallebiaia (Pisa): Soc. 
Toscana Sci. Nat., Atti, Mem., vol. 4, ser. A, 
50 pp. (reprint), 12 text figs. 

HALDEMANN, Epuarp G., Geologie des 
Schallenberg-Honegg- Gebietes (Oberes Em- 
mental): Thesis Univ. Berne, 124 pp., 12 
text figs., tables, 2 pls. 

HAVELKovA, V., Zaprava o mikrofaun- 
istickem vyzkumu stredomoravskeho hel- 
vetu: Stat. Geol. Ustav. Vestn., Czecho- 
slovakia, vol. 23, pp. 97-98 (In Czech). 
HILTERMANN, HEINRICH, Allgemeine und 
spezielle Fragen der Mikropaliontologie: 
Erdél und Kohle, vol. 1, pp. 103-107. 
KoECHLIN, EpuarD, Demonstration einiger 
neuer oder wenig bekannter Fossilien aus 
der Umgebung von Basel: Schweiz. Naturf. 
Ges., Verhandl., 128. Vers. St. Gallen, p. 
142. 

KOECHLIN, EpUARD, Demonstration einiger 
neuer oder wenig bekannter Fossilien aus 
dem Jura der Umgebung von Basel. 1. 
Flabellina moelleri (Uhlig) aus den Reng- 
gerischichten des Baslerjura: Eclog. geol. 
Helvetiae, vol. 41, No. 2, pp. 333-335, 1 
text fig. (Published ‘May 31, 1949). 
KSIAZKIEWICz, M.., Stratigraphy of the 
Magura series north of the Babia Gora 
(western Carpathians): Serv. géol. Pologne, 
Bull., vol. 48, pp. 1-34, 1 table, 1 map. 
Kuan, Emit, Der Artbegriff in der Palion- 
tologie: Eclog. geol. Helvetiae, vol. 41, pp. 
389-421, 17 text figs. (published May 31, 
1949.) 

LyczEwsKA, J., Report on the geological in- 
vestigations in the northwestern corner of 
the Brzesko Nowe map (Carpathian fore- 
land): Serv. géol. Pologne. Bull., vol. 42, 
pp. 46-75, 1 pl., 3 text figs. (Polish with 
English summary). 

MaGneE, J., see: DAM, A. TEN, and MAGNE, 
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276. 


277. 


278. 


279. 


280. 


281. 


282. 


283. 


284. 


285. 


i) 
fo) 
~ 


288. 
289. 


290. 


BIBLIOGRAPHY OF FORAMINIFERA 


Magjzon, L., Az ujabb biikkszeki mely- 
fiirasok. (Die neueren Tiefbohrungen von 
Biikkszek): Magyar. Allami Féldt. Int. 
Evkén., vol. 37, no. 3, pp. 3-90, map, 
sections. 
MaRLIERE, R., Frontiéres et disciplines de 
la micropaléontologie: Soc. géol., Belgique, 
Ann. (Bull.), vol. 71, pp. 285-298, 1 text fig. 
MarsHALL, N. B., Zooplankton (other than 
Copepoda and young fish) in the North Sea 
1938-39; Hull. Marine Biol. Stat., Bull., 
vol. 2, no. 13, pp. 173-213. pls. 89-108, 
charts. (non vidi). 
Mo#_LerR, WILLI A., Spiroclypeus and 
Flosculinella in Kalken aus dem Kiistenge- 
biet zwischen Patjitan und Blitar (Java): 
Schweiz. Naturf. Ges., 128. Vers. St. Gallen, 
Verhandl., p. 145. ‘ 
Moun_er, WIL. A., Uber das Vorkommen 
von Alveolina und Neoalveolina in Borneo: 
ibid., Verhandl., pp. 145-146. 
Mou_er, WILLI A., Uber das Vorkommen 
von Alveolina and Neoalveolina in Borneo: 
Eclog. geol. Helvetiae, vol. 41, pp. 321-329, 
2 text figs., 2 tables. (Published May 31, 
1949). 
MOon#LER, WILLI A., Spiroclypeus und Flo- 
sculinella in Kalken aus dem Kiistengebiet 
zwischen Patjitan und Blitar (Java): zbid., 
vol. 41, pp. 329-332, 1 text fig. (Published 
May 31, 1949). 
Napotrt ALLIATA, Enrico D1, La micro- 
paleontologia applicata allo studio dei 
problemi geopetroliferi della pianura pa- 
dana: Riv. Tecnico ‘‘Metano,” no. 12, 6 
pp., 1 fig. (reprint). 
OAKLEY, K. P., and Murr-Woop, H. M. 
The succession of life through geological 
time: Brit. Mus. (Nat. Hist.), London, 92 
pp., 12 pls., text figs. 
Orkun, Ga.tP, Sur la présence du Crétacé 
supérieur dans la presqu’ile de Samanli: 
Geol. Soc. Turkey, Bull., vol. 1, no. 2, pp. 
1-5, 1 map. 
PETTERSON, H., Three sediment cores from 
the Tyrrhenian Sea: Goteborg K. Vetensch., 
Vitterh.-Samh. Handl., Géteborg Foljden 
6, ser. B, vol. 5, no. 13, pp. 5-94, 12 text 
gs. 


. PrrEs Soares, J.-M., Observations géo- 


logiques sur les iles du Cap Vert: Soc. géol. 
France, Bull., (5), vol. 18, pp. 383-389. 


. Pokorny, V., Zprava o geologickem mapo- 


vani na sv. sekci listu Mikulov: Czeshoslov. 
Stat. geol. Ust. Vestn., vol. 23, pp. 166- 
168. 

REICHEL, MANFRED, see: RENZ, C., and 
REICHEL, M. 

RENz, Cart, Mikrofossilien in der Grenz- 
zone Radiolarit-Biancone am lombardischen 
Alpenrand: Eclog. geol. Helvetiae, vol. 41, 
pp. 319-320. 

RENz, CARL, and Mitzopoutos, Max, Das 
Maestrichtien am Hyliki-See in Béotien: 
Schweiz. Naturf. Ges., 128, Vers. St. Gallen, 
Verhandl., pp. 146-147. 


291. 


292. 


293. 


294. 


295. 


296. 


297. 


298. 


299. 


300. 


301. 


302. 


303. 


304. 


305. 


306. 
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RENz, CarL, and MutTzopoutos, Max. 
Kreideforaminiferen aus den Kalkhiigel 
von Eleusis (Attika): zbid., Verhandl., pp. 
148-149. 

RENz, CarL, and Mutzopoutos, Max, 
Découverte de Nummulites aux environs 
du lac Hyliki en Béotie: Académie 
d’Athénes, Praktika, vol. 23, pp. 231-235. 

RENz, Cart, and Mutzopoutos, Max, 
Kreideforaminiferen aus den Kalkhiigel 
von Eleusis (Attika): Eclog. geol. Helvetiae, 
vol. 41, pp. 348-351 (published May 31, 
1949). 

Renz, CARL, and Mitzopoutos, Max, Le 
Maestrichtien aux environs du Lac Hyliki 
en Béotie (Gréce moyenne): ibid., vol. 41, 
pp. 375-379, pl. 14. (Published May 31, 
1949). 

RENz, CARL, and REICHEL, MANFRED, 
Neue Foraminiferenfunde im _ béotischen 
Seengebiet (Mittelgriechenland): ibid., vol. 
41, pp. 379-389, pl. 15 (published May 31, 
1949), 

RENz, CARL and TRIKKALINOS, JOHANN, 
Das Jungpalaeozoikum im Aegaleos bei 
Athen: ibid., vol. 41, pp. 351-353. (Pub- 
lished May 31, 1949). 

RENz, CARL, and TRIKKALINOS, JOHANN, 
Foraminiferen-Funde im Oberkarbon und 
Parm des Aegaleos-Gebirges bei Athen: 
Schweiz. Naturf. Ges., 128. Vers. St. Gallen, 
Verhandl., pp. 147-148. 

Ruiz pE Gaona, M., La fauna principal- 
mente nummulitica de la serie terciaria 
guipuzcoana: Invest. Geol. Inst. ‘‘Lucas 
Mallada,’”’ Estud. Geol., No. 9, pp. 133- 
158, 2 pls., 1 text fig. 

Ruiz pE Gaona, M., Sobre un micro- 
foraminifero terciario desconocido en Es- 
pafia: Inst. Geol. Min. Espafia, Notas y 
Comunic., No. 18, 16 pp., 2 pls. (reprint). 
Ruiz DE Gaona, M., Stderolites olaztiensts 
(nueva descripcién): ibid., no. 18, 10 pp., 
1 pl. (reprint). 

SCHNAEBELE, R., Monographie géologique 
du champ pétrolifére de Pechelbronn, 
Alsace-Lorraine: Carte Géol. Alsace-Lor- 
raine, Mém., no. 3, 254 pp., 6 text figs., 11 
maps. (non vidt). 

SMALL, JAMES, Quantitative evolution. XIV. 
Production rates: Roy. Soc. Edinburgh, 
Proc., sect. B (Biol.), vol. 63, pt. 2 no. 12, 
pp. 188-199, 5 text figs. 

SMALL, JAMES, Some laws of organic evolu- 
tion. Printed privately by W. & G. Baird, 
Ltd., Belfast, October 1948, 14 pp., 16 
diagrams. 

STEFANI, T. DE, Sui resultati di alcune 
escursioni geologiche da me eseguite in 
territorio di Piazza Armerina (Prov. di 
Enna): Plinia, Palermoo vol. 1, fasc. 1, pp. 
1-19. 

STEFANI, T. DE, Osservazioni geologiche sui 
dintorni di Mazaro del Vallo: zbid., vol. 1, 
pp. 37-44. 


STEFANI, T. DE, Sul preteso Permiano a 












307. 


308. 


309. 


310. 


311. 


312. 


313. 


314. 


315. 


316. 


317. 


318. 


319. 


320. 


321. 


facies di flysch di Roccapalumba e Lercara 
in Sicilia: 2btd., vol. 1, pp. 44-47. 

STEFANI, T. DE, La fauna luteziana di 
Valdesi (Palermo): Giorn. Sci. Nat. Econ. 
Palermo, vol. 45, Publ. 1, 8 pp. 
THALMANN, Hans E., Mitteilungen iiber 
Foraminiferen VII. No. 30: Organisches 
Baumaterial der sandschaligen Foramini- 
feren: Eclog. geol. Helvetiae, vol. 41, no. 2 
(published May 31, 1949), pp. 366-368. 
THALMANN, Hans E., Mitteilungen iiber 
Foraminiferen VII. No. 31: Paléiopatho- 
logische Beobachtungen an fossilen For- 
aminiferenschalen: ibid., vol. 41, no. 2, pp. 
368-369. 

THALMANN, Hans E., Mitteilungen iiber 
Foraminiferen VII. no. 32: Fehlerhafte 
Namengebung bei den Foraminiferen: 2b7d., 
vol. 41, no. 2, pp. 369-370. 

THALMANN, Hans E., Mitteilungen iiber 
Foraminiferen VII. No. 33: Einige Rat- 
schlage fiir das Aufstellen neuer Gattungen 
und Arten bei den Foraminiferen: zbid., vol. 
41 No. 2, pp. 370-371. 

THALMANN, Hans E., Mitteilungen iiber 
Foraminiferen VII. No. 34: Foraminiferen- 
Assoziationen (Biozoenosen): tbid., vol. 41, 
no. 2, pp. 371-372. 

THALMANN, Hans E., Probleme der Mikro- 
 —_crca tbid., vol. 41 no. 2, pp. 372- 


THALMANN, Hans E., Mitteilungen iiber 
Foraminiferen VII: Schweiz. Naturf. Ges., 
+9 Vers. St. Gallen, Verhandl., pp. 139- 
41. 
THALMANN, Hans E., Probleme der wissen- 
schaftlichen und angewandten Mikro- 
paliontologia: thid., Verhandl., pp. 141-142. 
TRIBEL, E., Die Foraminiferen-Gattung 
Ammodiscus im deutschen Zechstein: Senck- 
enbergiana, vol. 29, pp. 137-139, 3 text figs. 
TRIKKALINOS, JOHANN, see RENz, C., and 
TRIKKALINOS, J. 
Urey, H. C , Oxygen isotopes in nature and 
in the laboratory: Science, Washington 
= C., vol. 108, no. 2810, pp. 489-496, text 
gs. 
VasICcEK, M., Zprava o geologicko-mikro- 
paleontologickem vyzkum mladsich utvaru: 
Czechoslov. Stat. Geol. Ust. Vestn., vol. 23, 
pp. 219-22 (In Czech). 
WETZEL, O., Mikropaliontologische Funde 
in Gesteinsproben einer holsteinischen 
Bohrung, besonders in Kreide-und Keuper- 
schichten: N. Jahrb. Min. etc., Bd. 89, 
Abt. B, pp. 315-348, pls. 33-38, 4 tables 
(non vidi). 
WICKENDEN, R. T. D., Eoeponidella, a new 
genus from the Upper Cretaceous: R. Soc. 
Canada, Trans., ser. 3, vol. 42, sect. iv. 
May 1948 (published 1949), pp. 81-82, 1 
text fig. 
YuceEL, Tavip, Sur l’Age des depéts détri- 
tiques des plaines de Kasaba et d’Elmali: 
Geol. Soc. Turkey, Bull., vol. 1, no. 2, pp. 
20-24 (Turkish text pp. 14-19, 2 text figs.). 
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ADDITIONS TO INDEX TO NEW FORAMI. 
NIFERA FOR THE YEAR 1948 


EOEPONIDELLA gen. nov. Wickenden, Trans, 
Roy. Soc. Canada, (3), vol. 42, sect. iv, p. 81, 
(published May 1949). Rotaliidae. Genotype: 
Eoeponidella linkt Wickenden, 1948, ut infra, 
Upper Cretaceous. 

linkt Wickenden, tbid., p. 81, text fig. 1 
(published May 1949), Upper Cretaceous, 
Canada. 

Laffitteina vallensis Ruiz de Gaona, Inst. Geol. 
Min. Espana, Notas y Comun., no. 18, p. 11, 
pl. 1, figs. 1-11; pl. 2, figs. 12, 19-21, Ypresian, 
Spain. 

yarzat Ruiz de Gaona, ibid., No. 18, p. 
14, pl. 2, figs. 13-18, 22-24. Eocene, Spain. 

Lepidorbitoides soctalis (Leymerie, 1852) var. 
levis Ruiz de Goana, Bol. R. Soc. Espafi. Hist. 
Nat., vol. 46, p. 120, pl. 8, fig. 38. Danian. 
Spain. 

Planulina italica Giannini, Atti Soc. Toscana Sci. 
Nat., Mem., vol. 4, ser. A, p. 39, text fig. 1, 
No. 12. Upper Pliocene, Italy. 

Reussia (recte: Reussella) etrusca Giannini, ibid., 
p. 24, text fig. 1, Nos. 5, 6. Upper Pliocene, 
Calabrian, Italy. 

Siphogenerina appenninica Giannini, tbid., p. 25, 
text fig. 1, Nos. 7-9. Upper Pliocene, Cala- 
brian, Italy. 

Vaginulina brevis Giannini, tbid., p. 8, text fig. 1, 
No. 1, Upper Pliocene, Calabrian, Italy. 

Globorotalites species 1 ten Dam and Magné, 
Revue Inst. Franc. Pétrole, vol. 3, p. 226. 
(not figured). Turonian, Bohemia. For: 
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Niedersichs. Geol. Ver., p. 21, pl. 7, fig. 5. 
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Nonion pachecot Colom, Bol. R. Soc. Espa. 
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Nummulites batallert Ruiz de Gaona, Inst. Invest. 
Geol. ‘‘Lucas Mallada,’’ Estud. Geol. no. 5, 
p. 189, pl. 1, figs. 2, 3, 5, 6. Upper Eocene, 
Spain. . 

colomt Ruiz de Gaona, tbid., no. 5, p. 190, 
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Nummulites sp. Ruiz de Gaona, Inst. Invest. 
Geol. ‘‘Lucas Mallada,’’ Estud. Geol. no. 5, 
p. 192, pl. 1, fig. 15; pl. 2, fig. 24. Eocene, 
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Vaginulina sp. Colom, Bol. R. Soc. Espafi. Hist. 

Nat., vol. 45, p. 665, pl. 47, figs. 7, 8. Upper 

Cretaceous, Spanish Morocco. 
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NEW GENERA OF FORAMINIFERA FROM THE LOWER 
CRETACEOUS OF GERMANY AND ENGLAND 


H. BARTENSTEIN anp E. BRAND 
Celle, Germany 





ABsTRACT—Three new genera of Foraminifera—Hechtina, Falsoguttulina, and 
Tetraplasia georgsdorfensis—occurring in the Lower Cretaceous of Germany, and 
one new genus—Pseudonubeculina—recorded from the Lower Cretaceous of Ger- 


many and England are described. 





INTRODUCTION 


| pena on the taxonomy and bio- 
stratigraphy of Lower Cretaceous 
Foraminifera of northwestern Germany— 
especially of the Valendis-Foraminifera on 
which a monograph is in preparation— 
makes certain taxonomic revision necessary, 
and some new genera and species must be 
erected. Three of the new genera include 
calcareous and one includes arenaceous 
Foraminifera. Although these genera are 
now known only in Germany and England 
they will be found in the other parts of 
northwestern Europe. 

We are very much obliged to Dr. Brooks 
F. Ellis, who examined the taxonomic valid- 
ity of the new generic names by aid of the 
Catalogue of Foraminifera, which is not 
available to us in Germany. 


SYSTEMATIC DESCRIPTIONS 


Order FORAMINIFERA 
Family MILIOLIDAE d’Orbigny 1839 
Subfamily HAUERININAE Brady 1884 
Genus HEcuTINA Bartenstein 
and Brand, n. gen. 


Synonym.—Hauerina Reuss 1863—non 
d’Orbigny 1839. 

Derivation of name—In honor of Dr. 
Franz E. Hecht who first studied the Foram- 
inifera as index-fossils of the Lower Cre- 
taceous of northwestern Germany. 

Genotype.—Hechtina  praeantiqua 
tenstein and Brand, n.sp. 

Generic diagnosis—Miliolids with une- 
qually inflated chambers which are arranged 
irregularly in a broken spiral and with a 
simple, not specialized aperture tangent to 
the older coil. 

Remarks.—Hechtina has, by the unique- 
ness of the shape of the test and the sim- 


Bar- 


plicity of the aperture, no connection with 
other genera. Tests with more regularly 
arranged chambers resemble Hauerina and 
Trisegmentina, but these genera have crib- 
rate apertures. Parrina and Adherentina, on 
other hand, are characterized by two irregu- 
larly arranged chambers, possess only a few 
chambers and a deviating aperture. More- 
over, Adherentina is an attached form. Hech- 
tina with its singular shape seems to be a 
passage-form between thesubfamilies Nubec- 
ulariinae and Miliolinae. 

Geologic distribution——Hechtina occurs 
only in the older Lower Cretaceous (Middle 
Valendis to Middle-Barremian); rare to 
common, very characteristic. 


HECHTINA PRAEANTIQUA 
Bartenstein and Brand, n.sp. 
Figures 1 a—c, 2 a-c 


Description.—Test free, imperforate, por- 
cellaneous in appearance, with broken spi- 
ral, shape varying from flattened to inflated; 
Nucleoconch with two, later with three, 
chambers forming a coil, latest whorl with 
three chambers, mostly irregularly arranged 
(fig. la—c), sometimes nearly regular (fig. 2 
a-c). The chambers are unequally inflated, 
of different size and only towards the aper- 
ture more or less separated. Aperture simple, 
either low and slit-like or higher and 
rounded; immediately adjacent to the pre- 
ceding whorl. 

Type locality—Deep well, Dueste 1, 
510.5-516.3 m, Hannover (Germany). 

Holotype.—Fig. 1 a-c, Collection Barten- 
stein and Brand, Celle. 

Dimensions.—Diameter 0.4 mm. 

Remarks.—Hechtina praeantiqua occurs 
commonly in the older Lower Cretaceous 
with numerous imperforate, attached or not 
attached tests which constitute an evolving 
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transformation series connecting the miliolid 
genera WNodobacularia, Nubeculinella, Ad- 
herentina, Parrina, Reporta and Quinquelo- 
culina beginning in the Jurassic. This evolu- 
tion ended in the Lower Cretaceous. Only 
Hechtina praeantiqua and Hechtina antiqua 
are specialized in such a way that their in- 
dependence is demonstrated. Hechtina antt- 
qua (Reuss) differs by its more regular test, 
mostly larger size, and coarse thick walls. 


HECHTINA ANTIQUA (Reuss) 
Figures 10 a—b (after Reuss 1863) 


Hauerina antiqua Reuss 1863, Sitzber. k. Ak. 
Wiss. Wien, vol. 46, p. 35, pl. 2, fig. 1. 


Description—(after Reuss) ‘0.7. mm. 
gross, im Umrisse rundlich, 4-5 lappig, zu- 
sammengedrueckt, beinahe scheibenfoer- 
mig, mit schmalem abgerundeten Ruecken.”’ 
... “Die letzte Kammer zieht sich allmaeh- 
lich zusammen und ihr stumpfes Ende wird 
ganz von der rundlichen oder halbrunden, 
ziemlich grossen, von einem schmalen 
Rande eingefassten Muendung eingenom- 
men. Die Schale kalkig, compact, porenlos.”’ 

Dimensions.—Diameter 0.7 mm. and 
more. 

Remarks.—This well known species is 
recorded especially from the Upper Haute- 
rivian. The stratum typicum, described by 
Reuss as doubtful Barremian, is also 
Upper Hauterivian. Reuss’ second recorded 
occurrence—Dogger with Ammonites coro- 
natus—must be mistaken. The Upper 
Hauterivian occurs in this neighborhood and 
may have furnished his specimens. We have 
never found Hechtina antigua in the Dogger. 

This species differs from the older Hech- 
tina praeantiqua by its more regular test, 
larger aperture, and very thick porcellane- 
ous walls. Irregularity in ontogeny is rarer. 
Hechtina antiqua appears first in the lowest 
part of the Upper Hauterivian and vanishes 
in the Middle Barremian. 


Subfamily NUBECULARIINAE Brady 1844 
Genus PSEUDONUBECULINA Bartenstein 
and Brand, n. gen. 


Genonym.—Nubecularia Chapman 1891; 
non Defrance 1825. 

Derivation of name.—To indicate the 
morphological similarity with Nubeculina. 

Genotype (monotypic).—Pseudonubeculina 
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nodulosa (Chapman). 

Generic diagnosis.—Few rectilinearly ar- 
ranged chambers with an elongate, tubular 
neck and a terminal aperture; walls with ir- 
regularly attached sand grains. 

Remarks.—Pseudonubeculina has the 
same shape as Nubeculina with all its pecu- 
liar walls and differs only in the internal 
structure of the aperture. The aperture of 
Nubeculina is ‘‘elongate, tubular, with an 
everted, phialine lip and inwardly pointing 
teeth” (Galloway 1933, p. 116)—Pseudo- 
nubeculina has a simple round aperture. The 
form of the initial chamber could not be 
studied for all tests were broken. 

Geologic distribution.—Lower Cretaceous, 
rare; occurring in the Valendis and Hauteri- 
vian of northwestern Germany (Bartenstein 
and Brand), of Netherlands (ten Dam,, in 
the Gault of Folkestone, South-England 
(Chapman) and Albian of Holland (ten 
Dam). 


PSEUDONUBECULINA NODULOSA (Chapman) 
Figures 3-5 
Nubecularia nodulosa CHAPMAN, 1891, Jour. Roy. 

Soc. London, p. 9, pl. 9, fig.2 (this work fig.3). 

Description—‘A  free-growing form, 
having nodulous chambers united by slen- 
der stoloniferous tubes, and rectilinear in 
growth. All the specimens found are appar- 
ently fragments; the longest consisted of 
four chambers. This form resembles in some 
points N. divaricata Brady;...etc. The 
aperture is a simple orifice, and not phialine, 
as in the form described by Dr. Brady” 
(Chapman 1891, p. 9). 

A complete test with nucleoconch has not 
been observed, therefore, it is not yet cer- 
tain if the juvenial chambers are rectilinear 
or coiled. The imperforate walls are irregu- 
larly covered with sand-grains. Removing 
the sand-grains shows the wall to be marked 
by small grooves. In section the apperture 
is generally round but according to the 
condition of the small neck which is likely 
to be deformed, it may be oval (fig. 5) or 
angular (fig. 4). 

Typoid.—Figures 4, 5. Coll. Bartenstein 
and Brand, Celle. 

Dimensions.—Length 0.6 mm. (fig. 4). 

Remarks.—This species has been found 
only in the oldest and youngest parts of the 
Lower Cretaceous, in the Valendis, Haute- 
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EXPLANATION OF FiGcurEs 1-10 
Fics. 1 a-c—Hechtina praeantiqua Bartenstein and Brand, n. gen. n. sp. Holotype X65. a and }, side 


views; c, front view. 


(p. 669) 


2 a-c—Hechtina praeantiqua Bartenstein and Brand,n. gen. n.sp. Paratype X80. a and 3, side 


views; c, front view. 


(p. 669) 


3-5—Pseudonubeculina nodulosa (Chapman). 3, after type figure, X60, from the Gault of 
Folkestone; 4, 5 from the Valendis of Germany, X65 and X75, with apertural views. 


(p. 670) 


6 a-c—Falsoguttulina wolburgi Bartenstein and Brand, n. gen. n. sp. Holotype 40. a and J, side 


views; c, apertural view. 


(p. 672) 


7-8— Falsoguttulina wolburgi Bartenstein and Brand, n. gen. n. sp. Paratypes X45. a and 3, side 


views; Cc, apertural view. 


(p. 672) 


9 a-b—Tetraplasia georgsdorfensis Bartenstein and Brand, n. gen.n.sp. Holotype about X35. a, 


side view; b, apertural view. 


10 a-b—Hechtina antiqua (Reuss), after Reuss 1863, X35. a, side view; b, apertural view. 


rivian and Gault. We suppose they occur 
throughout the Lower Cretaceous, but the 
fragile tests are mostly destroyed in disin- 
tegrating the rock. 

In spite of its similar shape the difference 
of aperture distinguishes this species from 
Nubeculina divaricata of the recent seas. 





(p. 672) 
(p. 670) 


Family POLYMORPHINIDAE d’Orbigny 1846 
Genus FALSOGUTTULINA Bartenstein 
and Brand, n. gen. 


Derivation of name.—To indicate the 
shape-analogy with Guttulina. 

Genotype (monotypic). — Falsoguttulina 
wolburgi Bartenstein and Brand, n. sp. 
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Generic diagnosis.—Shaped like Guttulina, 
but the aperture instead of being radiate is 
a simple curved slit. 

Remarks.— Falsoguttulina with its simple 
aperture occupies an isolated position in the 
Polymorphinidae unrelated to other genera. 
The occurrence of many adult tests, both 
large and small, prevents their confusion 
with degenerated polymorphid forms, which 
are found sometimes with non-radiate aper- 
tures (Cushman 1940, p. 203: ‘Aperture 
terminal, radiate, or in degenerate forms 
rounded”’). 

Geologic distribution—Valendis of Ger- 
many, locally common. 


FALSOGUTTULINA WOLBURGI Bartenstein 
and Brand, n. sp. 
Figures 6-8 


Derivation of name.—In honor of Dr. 
Joh. Wolburg who first studied the index 
ostracodes of the German Wealden forma- 
tion. 

Description——Test free, somewhat in- 
flated, chambers arranged as in Guttulina, 
sutures depressed; 3 to 5 chambers forming 
a whorl. Wall calcareous, finely perforate, 
smooth. Aperture terminal, produced, slit- 
like, mostly curved. (This description refers 
to adult, non-degenerate tests.) 

Type locality—Deep well, Georgsdorf 6, 
517.5 m. deep. Emsland, Germany. 

Holotype-—Fig. 6 a-c, Coll. Bartenstein 
and Brand, Celle. 

Dimensions.—Length 0.35 mm. 

Remarks.—The arrangement of chambers 
and of sutures is extremely variable and 
scarcely any two individuals are exactly the 
same. It is impossible to discriminate species 
only on pecularities of shape. 


Family LITUOLIDAE Reuss 1861 
Genus TETRAPLASIA Bartenstein 
and Brand, n. gen. 


Genonym.—Triplasia (part) Reuss 1854. 

Derivation of name.—Indicating the quad- 
rangular rather than triangular shape as in 
Triplasia. 

Genotype (monotypic).—Tetraplasia ge- 
orgsdorfensis Bartenstein and Brand, n. sp. 
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Generic diagnosis.—Lituolids with a quad- 
rangular transverse section of the uncoiled 
portion. 

Remarks.—Tetraplasia is closely related 
to Triplasia and occurs commonly with it. 

Geologic distribution —Known only in the 
Valendis and Hauterive, rare; its occurrence 
is likely to be the same as that of Triplasia: 
Jurassic to Recent. 


TETRAPLASIA GEORGSDORFENSIS 
Bartenstein and Brand, n. sp. 
Figure 9 a—b 
Haplophragmium murchisont Reuss 1891 pars, 


Beissel, Abh. koen. preuss. geol. Landesanst., 
N.F., H. 3, p. 15, pl. 4, fig. 2, 5, 9. 


Description.—Test free, elongate, regu- 
larly increasing in size. Earliest chambers 
rarely recognizable but planispirally coiled 
(often the coiled part is only suggested by 
the irregularity of the juvenile chambers), 
later chambers uncoiled, quadrangular, 
walls depressed with more or less rounded 
edges; sutures somewhat depressed. Walls 
rather coarsely arenaceous. Aperture ter- 
minal, central, round or somewhat elongate. 

Type locality—Deep well. Georgsdorf 9, 
625 m. deep. Emsland, Germany. 

Holotype.—Fig. 9 a-b, Coll. Bartenstein 
and Brand, Celle. 

Dimensions.—Length 1.25 mm. 

Remarks.—The shape of Tetraplasia ge- 
orgsdorfensis is very typical. Close relation- 
ship to Triplasia is indicated by individuals 
showing transitional characters. 
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ABSTRACT—The diversity in opinion concerning the classification of the uppermost 
Cretaceous and basal Eocene is discussed. Evidence is presented to show that the 
Cretaceous-Eocene boundary can be established in the Middle East very accurately 
by using the method of quantitative generic analyses. The boundary cuts through 
the so-called Danian and makes this term superfluous, at least in the Middle East. 
Further evidence suggests that in other countries also the term Danian is useless as 
an accurate stratigraphic unit and should be abandoned. 





PREVIOUS CLASSIFICATIONS OF UPPER 
CRETACEOUS STAGES 


HE stratigraphic classification of the 

Senonian and the determination of the 
boundary between the Cretaceous and the 
Eocene represents one of the many unsolved 
problems in stratigraphy which is a con- 
tinuous cause of disagreement among 
geologists. 

Ed. Hebert (1856) considered Montian 
and Danian as one unit and referred both 
to the Cretaceous. 

H. Coquand (1858) distinguished Dor- 
donian (similar to the Maestrichtian, intro- 
duced by Dumont in 1849), Campanian, 
Santonian and Coniacian. 

A. de Grossouvre (1889, 1901) included 
both Montian and Danian as a single unit 
in the Tertiary. 

A. Geikie (1903) distinguished Danian 
(divided into Montian and Maestrichtian) 
and Upper Chalk. 

A. de Lapparent (1906) divided the 
Senonian into 6 units: Montian, Danian, 
Aturian (subdivided into Maestrichtian and 
Campanian) and Emscherian (divided into 
Santonian and Coniacian). 

Em. Haug (1908) distinguished 5 units: 
Danian, Maestrichtian, Campanian, San- 
tonian and Coniacian. 

A. W. Grabau (1921) distinguished 
Danian, Senonian (divided into Maestrich- 
tian, Campanian, Santonian) and Coniacian 
or Emscherian. 

These few examples clearly show the com- 


plete disagreement that has existed among 
prominent geologists in several parts of the 
world. 


ORIGINAL DEFINITION OF DANIAN 


The original stratigraphic unit indicated 
by Desor (1846) as Danian occurs in North 
Jutland and on the Danish Islands below a 
cover of glacial depositions. The same beds 
were also reported from Skane in Southern 
Sweden. In both countries the so-called 
“Danian” overlies the so-called ‘‘Maes- 
trichtian’’ conformably without hiatus. The 
Danian was described as ‘Organic lime- 
stones often rich in Silex.” It is overlain by 
conglomerates composed of Danian lime- 
stone pebbles resembling those of the Mon- 
tian in Belgium. The Montian is apparently 
missing in Skane. 


MICRO-FAUNAL BOUNDARY BETWEEN 
CRETACEOUS AND LOWER EOCENE 
IN THE MIDDLE EAST 


Observations by the present author 
(Tromp, 1941) in Egypt, Sinai and Turkey 
and descriptions published by F. R. S. 
Henson (1938) on Iraq and Palestine indi- 
cate that the Senonian and the transition 
zone of the Eocene are composed of the same 
kind of marls with no erosional hiatus at 
the Cretaceous-Eocene boundary. It is im- 
possible to trace this boundary in the field 
on a lithologic basis. In 1937 the author 
developed a new micro-faunal method, in 
which only quantitative generic determina- 
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tions are used (Tromp 1939, 1940). It has 
been demonstrated to be particularly use- 
ful in the study of poorly exposed sections 
such as the Cretaceous-Eocene sections of 
southern Turkey (Tromp 1942), particu- 
larly those developed in the Anatolian facies 
(for difference between Anatolian and 
Arabian facies of the Middle East see Tromp 
1943). With this method it has been possible 
to locate the Cretaceous-Eocene boundary 
within a meter. In 1941 a micro-faunal chart 
was published (Tromp 1941) which repre- 
sents a compilation of a few important 
Cretaceous-Eocene micro-faunal sections of 
the Middle East, developed either in a 
chalky facies rich in forams (Arabian facies) 
or in grey marl facies relatively poor in 
forams (Anatolian facies). 

This map and the micro-faunal studies 
made during the following years indicate a 
number of micro-faunal differences between 
the uppermost Cretaceous and basal Eocene, 
which can be summarized as follows: 

1) The uppermost Cretaceous contains 
thousands of specimens of Giimbelina, 
many larger than 0.6 mm., whereas the 
basal Eocene contains only a few (in general 
less than 50), all smaller than 0.2 mm. 

2) Globorotalia suddenly floods the basal 
Eocene. Specimens are mostly sharply 
keeled forms belonging to Globorotalia simu- 
latilis (Schwager) and Globorotalia velasco- 
ensis (Cushman). 

3) In the basal Eocene Globigerina is 
much more abundant than Globigerinella, 
whereas in the uppermost Cretaceous they 
are about equal and in the Campanian (of 
the Arabian facies) Globigerinella mostly 
dominates. 

4) Globotruncana is abundant in, or 
floods, the uppermost Cretaceous but is ab- 
sent in the Eocene. 

5) Typical genera, such as Pseudotextu- 
laria and Bolivinoides, occur in the Cretace- 
ous with such characteristic species as 
Bolivina incrassata (Reuss), Gaudryina 
rugosa (d’Orb), Anomalina ammonoides 
(Reuss), etc. Exceptionally, Eouvigerina, 
Giimbelitria, Ventilabrella and Neobulimina 
also occur in the uppermost Cretaceous of 
Egypt. 

The Upper part of the Cretaceous is 
known in the Middle East as the Globo- 
truncana-Giimbelina zone, whereas the basal 
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Eocene is recognized as Globigerina-Glo- 
borotalia zone. 

Nummulites and Discocyclina have been 
found, at a few places not far above the 
Cretaceous-Eocene boundary and above 
beds with typical Upper Cretaceous macro- 
fossils. The occurrence of macro-fossils, 
however, is exceptional and micro-faunal 
analysis must be used for field-mapping, 
particularly in chalk areas where Cretaceous 
and both Lower and Upper Eocene chalk 
outcrops, which can not be distinguished on 
a lithological basis, may occur very near to 
one another. 


MICRO-FAUNAL CLASSIFICATION 
OF THE SENONIAN 


By using the methods mentioned above 
(Tromp 1939, 1940) the Senonian in Egypt 
and Turkey has been divided into three 
stratigraphic units which have been tenta- 
tively termed Maestrichtian, Campanian 
and Santonian (Tromp 1941, 1942, 1943). 

A division into 5 to 6 units as proposed by 
Haug and others is impossible. 

It is also unlikely that a larger number of 
practical units, useful for regional correla- 
tion, can be recognized because the entire 
Senonian is only about 200 to 300 meters 
thick. 

The three micro-faunal units may contain 
macro-fossils strictly limited to the Maestr- 
ichtian, Campanian or Santonian respec- 
tively, but it is not unusual for a Campanian 
species of Europe to occur with a Maestrich- 
tian fauna or vice versa. Such associations 
might create confusion and can be explained 
as follows: 

1) The stratigraphic distribution of 
macro-fossils in general is much less known 
than is the distribution of Foraminifera, 
which have been studied in various parts of 
the world in continuous well sections and 
surface outcrops thousands of meters thick. 

2) Many different Senonian classifica- 
tions have been proposed in Europe and 
some research workers have used more than 
one system at the same iime. The age of 
strata containing a particular fossil species 
even at localities hundreds of kilometers 
apart, has commonly been considered, with- 
out critical analysis, to be the same. This 
method of correlation used by so many 
macro-paleontologists, not checked by strat- 
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igraphical field observations, is one of the 
most serious handicaps of modern stratig- 
raphy. 

3) A system of index fossils established 
for a small type locality in Europe, as for 
the Campanian, Santonian, etc., has been 
pressed into use in other areas where the 
stratigraphic section is actually more repre- 
sentative but was unknown at the time that 
the names of the geological stages were 
introduced. 


CRETACEOUS-EOCENE ‘‘UNCONFORMITY” 


No indication of an erosional hiatus at the 
Cretaceous-Eocene boundary occurs in the 
Middle East, but an important regional 
hiatus is present near the base of the Middle 
Eocene (probably similar to the Lutetian of 
the French classification) which may have 
resulted from the same movements that 
created the Red Sea graben. Middle Eocene 
beds overlap the upper lower Eocene onto 
the basal Eocene and may directly overlie 
Maestrichtian or older Cretaceous strata. 
Such relations have commonly been inter- 
preted erroneously as evidence for a Cre- 
taceous-Eocene unconformity. 

Another reason for the incorrect interpre- 
tation of the Cretaceous-Eocene boundary 
is the limestone development of the lower 
Eocene in Egypt. In southern Egypt thick 
cherty lower Eocene limestone is underlain 
by a thin (sometimes less than 10 meters) 
marl unit, the so-called ‘‘Esna shales,” 
which cannot be distinguished lithologically 
from the uppermost Senonian. It is not sur- 
prising therefore that, before the introduc- 
tion of micro-faunal methods, the lithologic 
contact between limestone and marl was 
accepted as the Cretaceous-Eocene bound- 
ary. Northward, however, the basal 
Eocene marl thickens gradually. In Sinai it 
is more than 50 meters thick and in southern 
Turkey it reaches a thickness of almost 450 
meters. 


THE DANIAN IN THE MIDDLE EAST 


The difficulty in accurately distinguishing 
the Cretaceous-Eocene boundary in the 
Middle East is one of the reasons for the 
introduction of the name Danian for this 
transition zone. 

Micro-paleontological evidence, however, 
indicates that its recognition is unjustified 


and it is advisable that this term be elim- 
inated at least in the Middle East. 

It seems possible also, in Germany 
(Franke 1928), Italy (Renz 1936) and 
Morocco (Fallot 1937), where previously 
certain zones were described as Danian, to 
trace a very accurate micro-faunal boundary 
somewhere in the middle of this unit, which 
makes the use of the term Danian super- 
fluous. 

The lithology of the Danian of Denmark 
seems to resemble the basal Eocene of Sinai 
and Egypt. In northeastern Sinai, East of 
Gebel Halal, along the road to Qusaima 
near Palestine border, the lower Eocene is 
composed of marly limestones and chalk 
rich in chert which is unconformably over- 
lain by pebbly limestones and chalk possibly 
of middle Eocene age although the break 
might be a local unconformity in the lower 
Eocene. Perhaps also, the so-called Montian 
in Denmark, unconformably overlying the 
so-called Danian, may not be the true 
basal member of the Eocene as was assumed 
by Desor in 1846. 

In 1936 Brotzen reported on the micro- 
faunal at Eriksdal in Skane, southern 
Sweden. Quantitative determinations were 
made of two chalky marl samples (i.e. the 
total number of forams in the whole sample 
was counted). Transformation of his table 
into my graphic method of representation 
shows that the fauna studied by Brotzen is 
similar to that of the Campanian or basal 
Maestrichtian of Southern Turkey (Arabian 
facies). Brotzen considered this zone to be 
Emscherian (basal Senonian). The distance 
between Turkey and SkAne is so great, how- 
ever, and there is so little accurate data 
from intermediate areas that it seems unsafe 
to draw definite conclusions from the 
similarity. 

If a systematic micro-faunal study could 
be made from the Middle East through the 
Balkans and Central Europe to Scandinavia 
it would probably become apparent that the 
Senonian classification of the 19th and early 
20th centuries should be revised and only 
three simplified units recognized. The 
Danian would probably prove to be a super- 
fluous unit that has been useful only because 
of the great difficulty experienced in deter- 
mining the Cretaceous-Eocene boundary by 
means of macro-fossils. The original Seno- 
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nian classification is derived from only a very 
small area in western Europe and it does 
not seem advisable to try to force the stra- 
tigraphy of the whole world into this system. 
Perhaps the concept that important oro- 
genetic movements occurred at the end of 
the Cretaceous period is not correct or not 
applicable to the whole earth. Possibly a 
more significant break occurs near the base 
of the middle Eocene. 
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PALEONTOLOGIST—BIOLOGIST AND/OR GEOLOGIST? 


L. RAMA RAO 
Bangalore, India 


OLLOWING Dr. Knight’s recent Presi- 

dential Address before the Paleontologi- 
cal Society’ an interesting discussion has 
ensued regarding the place of Paleontology 
among the Natural Sciences; and as a 
geologist who is interested in the study of 
fossils, I wish to make a few observations 
and comments on the views that have been 
expressed in this matter. 

In his enthusiasm to make out a strong 
case that paleontology is—or should be— 
only a part of geology, Professor Weller? has 
made several statements which are highly 
controversial regarding the scope of paleon- 
tology and the related sciences, and has 
adopted a line of argument in support of his 
conclusion which it is difficult to follow, and 
more so, to accept. Newell and Colbert® 
have already challenged some of these state- 
ments and put forward a different point of 
view. After reading all that Weller has said 
in the course of this discussion, I am of the 
opinion that in advocating his case, he has 
been hardly fair to the scope, objectives, and 
mutual relationships of paleontology and the 
allied sciences, as understood today. 

It is true, thanks to William Smith, that 
the geologist was the first to see the value of 
fossils. They helped him in the correlation of 
strata, and he therefore immediately be- 
came interested in their identification and a 
particular fossil was to him an index of age 
and a valuable aid to correlation. Among 
the fossils which the geologist found, the 
invertebrates were by far the most common 
and abundant and they were also the easier 
to identify and thus be used for stratigraphic 
correlation. These invertebrate fossils served 
—and served very well—his immediate 
purpose and he was quite satisfied. Beyond 
this, he had no interest in them. Thus the 
view gradually developed that such a study 
of invertebrate fossils or ‘‘invertebrate 
paleontology” was the only thing that was 


1 Bull. Geol. Soc. America, vol. 58, pp. 281- 
286, 1947. 

2 Jour. Paleontology, vol. 21, no. 6, pp. 570- 
575, 1947; zbid., vol. 22, no. 2, pp. 268-269, 1948. 

3 Jour. Paleontology, vol. 22, no. 2, pp. 264— 
267, 1948. 


of importance, and that this subject formed 
part of stratigraphical geology. It was only 
much later that the vertebrate fossils and 
plant fossils came into the picture; but com- 
pared with the invertebrates, these were 
neither so abundant nor were they so easy 
to describe and identify. Hence they were 
not so useful to the geologist in his work of 
correlating strata and, therefore, did not 
receive much attention from him. There 
soon grew up, however, a body of scientists 
who looked at these fossils as the representa- 
tives of past forms of life and they interested 
themselves in their study as such. Thus some 
zoologists and botanists began to direct 
their attention to the study of these ancient 
animals and plants and such persons came 
to be looked upon as paleo-zoologists and 
paleo-botanists. The importance of their 
work was soon evident, especially in the 
correct understanding of the evolution of 
modern animals and plants, and hence more 
and more zoologists and botanists who were 
interested in the study of evolution tended 
to become paleo-biologists. They were the 
people that revealed to us the importance of 
fossil vertebrates and fossil plants which 
were being more or less discarded as useless 
by the geologist for his purposes. It did not 
take very long, however, for us to also recog- 
nize that, apart from their value to the 
biologist in his evolutionary studies, these 
fossils were also useful in their own way to 
the geologist in connection with strati- 
graphic and other problems relating to the 
past history of the earth. 

This is how interest in fossils gradually 
developed in the earlier years from different 
sides, although with a limited outlook in 
each case. Now, after many years of work 
and progress in the different aspects of the 
study of fossils, we have come to a stage 
when we can take—and indeed it is neces- 
sary to do so—a collective and comprehen- 
sive view of the entire picture in so far as 
the study of fossils is concerned and assign 
to it an appropriate place in the hierarchy 
of the sciences. This is the problem now 
under discussion. 
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If we review and integrate all the work 
that has been done within recent years on 
the study of fossils in all its aspects and 
ponder over its diverse and far-reaching ap- 
plications and implications, the one fact that 
-will strike us is the overall importance of 
these studies for a proper and full under- 
standing of earth history as a whole which 
comprises its physical, geological, geo- 
graphical, and biological aspects and their 
interrelationships. In attaining this greater 
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ground” of both geology and botany. Some 
may enter that field from the side of geology 
as geologists, and others may enter from the 
side of botany as botanists but, once they 
get into it, all merge into a common group 
interested in the study of fossil plants deriv- 
ing their knowledge and inspiration from 
both the sciences concerned and by their 
cooperative effort arrive at ideas and con- 
clusions which, in their turn, may throw 
further light and open out new lines of re- 
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and grander objective, the study of fossils 
—paleontology—rises above all other sub- 
jects of which it may have formed a part ina 
smaller sphere and occupies an elevated 
position from which it can illuminate our 
path and guide us properly in our quest for 
knowledge regarding the history of the 
earth, in its fullest sense. It is no longer cor- 
rect to say that simply because paleontol- 
ogy has some contact with geology through 
stratigraphy that it should be considered 
merely as a part of it; it would be equally 
incorrect to think that, because of its con- 
tacts with biology, paleontology is only a 
part of biology. Nor is paleontology accord- 
ing to our present concept merely paleo- 
biology plus stratigraphy. These may be its 
ingredients but in the way it blends and 
deals with them, bringing out new ideas and 
new viewpoints, the subject has an in- 
dividuality of its own. 

— I have put these ideas in a diagrammatic 
form in the accompanying figures which will 
help in explaining my point of view. In 
figure 1 I have shown the contacts of 
Geology with the other natural sciences, 
botany and zoology. Portion A represents 
the field covered by the study of fossil 
plants, and is seen to be the ‘‘common 


search in botany on the one hand and in 
geology on the other. A similar ‘situation 
exists in portion B which deals with fossil 
animals and is common ground between 
geology and zoology. In either case, A or B, 
the direct contact, so far as geology is con- 
cerned is with its central part—its ‘‘heart”’ 
as Weller puts it—viz. stratigraphy. 

In figure 2 I have diagrammatically 
represented what I consider the position of 
paleontology in relation to the three 
sciences, geology, botany, and zoology, and 
I have indicated by means of arrows the 
various approaches to paleontology from 
each of these sciences. It will be seen that a 
direct approach is no doubt possible from 
either geology, botany, and zoology but this 
is the course adopted by those who have 
their feet most firmly planted in their 
respective sciences and take some interest 
in the study of fossils from a narrow and 
limited point of view to meet their immedi- 
ate requirements. The other approaches, 
though seemingly indirect, are the more 
valuable and fruitful from the larger point 
of view. In these cases the botanist and the 
zoologist enter the field of paleontology via 
stratigraphy and the stratigraphical geolo- 
gist enters it via paleobotany or paleozool- 
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ogy, imbibing in each case, the spirit of the 
cognate science. When once these enter the 
field of paleontology, they all develop a com- 
munity of interest and objectives, and by 
their co-operative effort advance the science 
of paleontology as a whole. These are the 
true paleontologists and, at that stage, 
paleontology (this term is certainly a “‘more 
inclusive category’’ than paleobiology) is 
something more than merely a part of, or 


who desire to secure it. In making paleon- 
tology an independent science it does not 
mean that in one stroke we are isolating it 
and cutting off all its affiliations and con- 
tacts with geology and biology. All that we 
wish to establish is that it is not merely a 
part of one or the other of these subjects. If 
the term ‘“‘independent”’ is to be literally 
understood, no science can be really in- 
dependent today! 
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branch of, either geology, botany, or zool- 
ogy. 

This I think is, or should be, the place 
of paleontology vis-d-vis the other natural 
sciences, and accordingly it follows that it is 
no longer fair or correct to consider paleon- 
tology merely as a branch of either geology 
or biology, or to think that either of these 
subjects can “‘manage to get along quite 
well in blissful and almost complete ig- 
norance of paleontology.”” Weller says that 
“so separated, it (paleontology) would be 
given the superficial appearance of greater 
importance without adding one whit to the 
scope of its field or making possible any 
additional accomplishment” and thinks that 
“the desire to set up paleontology as a 
separate science suggests a professional in- 
feriority complex.’’ I am afraid this point of 
view is positively unfair and does less than 
justice to the objectives and achievements of 
modern paleontological studies. To me it 
appears that the inferiority complex exists 
on the side of those who deny a separate 
status for paleontology and not in those 


In the course of this discussion frequent 
reference has been made by Weller and 
others to the training of paleontologists. 
Attention has been drawn to the deficiencies 
in our courses as they exist at present and 
suggestions have been put forward from 
various points of view as to how these could 
be bettered. This, I think, is a different 
matter, and should have nothing to do with 
our defining the scope and status of the 
science. When once this is done, and we 
know exactly what our requirements are, a 
suitable course of training for the prospec- 
tive paleontologist could easily be framed 
with due regard to his contacts with other 
sciences. In any scheme, it seems certain 
that the paleontologist will be the product 
of post-graduate specialization, a good 
knowledge of the allied sciences having been 
acquired in the graduate courses. As in all 
other sciences, the ultimate success and 
achievement of a paleontologist will largely 
depend upon his own initiative, interest, and 
imagination in this field of research. 
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ABSTRACT—The introduction of an ever increasing number of new generic names 
renders paleontological nomenclature unstable and changing phylogenetic inter- 
pretations result in an unstable classification that becomes progressively less prac- 
tical. From the standpoint of paleontology as a whole reasonable stability in nomen- 
clature and reasonable practicality in classification are desirable. To achieve these 
ends it is suggested that many current genera be reduced to subgeneric rank and 
that genera and families be accepted as more or less inclusive morphologic groups 
which need not conform perfectly with phylogeny. No previously recognized ‘‘genus”’ 
need be abandoned. As subgenera, however, these groups would remain available to 
specialists for tracing possible phylogenetic patterns but they could be ignored by 
paleontologists who are not concerned with such details. 


INTRODUCTION 


' Is very easy for paleontologists to pro- 
pose new names or draw up new systems 
of classification without regard to the inevi- 
table effects of such action. That definite 
philosophical and practical problems are 
involved is realized by most thoughtful 
persons but few appear to have analyzed 
them carefully. Each person is likely to 
become so engrossed in his own particular 
field of specialization that he loses perspec- 
tive and is inclined to overestimate the 
importance of his work and underestimate 
or ignore the effects that it may have on 
paleontology as a whole. Such an attitude 
may not characterize paleontology more 
than some other branches of science al- 
though I suspect that it does because pale- 
ontology still appears to be concerned prin- 
cipally with augmenting and revising com- 
plex systems of nomenclature and classifica- 
tion that are of common concern to all. The 
fact that biologists, who were formerly 
occupied with similar activities, have largely 
passed on to more fruitful studies suggests 
that paleontology is still in its infancy and 
should be encouraged to grow up. Continued 
preoccupation with the naming of new 
species and genera and their reclassification 
without regard to other matters that should 
be considered advances paleontology as a 
whole very little and in some respects may 
actually be harmful. 

In their taxonomic activities paleontolo- 
gists operate under a series of rules and by a 
system of procedure that were developed 
and formulated by biologists. Both of these 


had their origins in a period antedating the 
general acceptance of any doctrine of evolu- 
tion when species were believed by most to 
be fixed and immutable, each a special act 
of creation. The acceptance of Darwin's 
theory profoundly altered biologic thought 
but taxonomic practice has remained prac- 
tically unchanged. For a time the concept of 
species was thrown into great confusion 
from which biologists have only recently 
extricated themselves. Species, which a few 
years ago could be defined only as groups of 
similar organisms considered to be species 
by a competent expert, have acquired new 
and significant meaning to biologists in the 
light of discoveries made in the fields of 
genetics, zoogeography and population 
studies. The number of reasonably well 
established living species now recognized in 
some of the better known groups of animals 
exceeds the doubtful ones in about the pro- 
portion of seven to one, and the doubtful 
forms are mainly those which may or may 
not have diverged from closely related 
groups sufficiently to be considered distinct 
species. 


PALEONTOLOGIC VS. BIOLOGIC SPECIES 


The situations faced by biologists and 
paleontologists, however, are vastly differ- 
ent. In the first place, paleontologists deal 
with the imperfectly preserved remains of 
dead organisms. It is impossible for them 
to know these organisms completely, to 
determine their genetic compositions or to 
observe their reactions to environments. 
Also, the factors of geologic time and the 
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continuity of life introduce an additional 
dimension with which biologists are not 
concerned. If a complete life record were 
available we believe that not only would the 
most clearly distinguished living species be 
joined by an uninterrupted series of inter- 
mediate forms but that all past life would 
fall into an unbroken system ramifying out- 
ward along a myriad of branching lines from 
the first speck of matter that possessed the 
mysterious quality of life. In such a system 
how can a species be defined? 

Because paleontologists cannot test the 
validity of species as effectively as biologists, 
it is much more difficult for them to estab- 
lish the entities of species even for an 
instant in geologic time. When the factor of 
continuous time is also introduced to further 
complicate this problem, the concept of 
modern biological species breaks down 
entirely. It must be recognized, therefore, 
that a living species as viewed by a biologist, 
and a species, living or extinct, no matter 
how it may be defined by a paleontologist, 
are not the same. These two concepts exist 
on different planes and are not subject to 
significant comparison. 

Presumably there have been no important 
breaks in the chain of life since its first 
appearance on the earth. There is no place 
in the life succession to which one can point 
and say ‘‘this creature is a cystoid but its 
descendants are crinoids,’’ or ‘‘this beast is 
an amphibian but its offspring are reptiles.” 
Likewise, viewing the situation in greater 
detail, one cannot state that species primus 
existed through a certain definite number of 
generations and that species secundus had 
its inception in the next succeeding one. 
However a paleontologist may think of a 
species, it grades imperceptibly into an 
ancestral species in one direction and may 
pass into one or more descendant species in 
the other. Whatever characteristic individ- 
uality even that most clearly distinguished 
species may possess results from chance 
imperfections in our knowledge. As new dis- 
coveries are made some of these gaps are 
filled in and the limits of recognizable species 
become progressively less well defined. 

From the paleontologist’s point of view 
a species is only a concept whose limits are 
determined by chance and personal opinion. 
This fact is, of course, widely recognized. It 
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is a concept tied to reality by a type speci- 
men and at present there is nothing to pre- 
vent every person who views that specimen 
from building a different concept about it. 
Although all may have decided opinions on 
the subject, no one can justly maintain that 
any of the different concepts is certainly 
wrong as long as the conceived species 
includes the type specimen as one of its 
members. 

We can now contrast more adequately 
the biological and paleontological view- 
points regarding species. Tg a biologist, a 
species is a population having certain pecu- 
liar, more or less constant genetic charac- 
ters, that occupies a certain ecological niche 
within a certain geographic range and that 
is isolated either physically or physiologi- 
cally from all closely related species. Pre- 
sumably a paleontologic species should 
be defined in somewhat similar terms with 
the added provision that it existed through- 
out a certain time. So far as I know, how- 
ever, it never has and most paleontologists 
have dealt with species without having any 
clear ideas as to what their species really are. 
Perhaps a paleontologic species cannot be 
defined in such a way because some of these 
factors cannot be or have not been deter- 
mined. Genetics is, for the most part, beyond 
the reach of paleontology. Ecological studies 
of past populations are in their infancy and 
little or no evidence concerning some of the 
most important variable conditions is pre- 
served in the stratigraphic record. Con- 
siderable attention has been given to geo- 
graphic range but until the species them- 
selves are better understood conclusions are 
not too trustworthy. Finally, the definite 
isolating factors that may have been im- 
portant are largely unknown except for some 
of the most prominent physical barriers and 
many of those that have been postulated 
are highly speculative to say the least. 

Paleontologists should recognize, how- 
ever, that the species with which they deal 
were likewise once living populations possess- 
ing all of the qualities of modern popula- 
tions. Mostly paleontologists do not seem to 
have done so. Because of evolutionary con- 
tinuity paleontologic species cannot have 
the distinctness of most biologic species but 
this does not weaken such a viewpoint. The 
indistinctness of specific limits, however, 
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introduces an important subjective element 
and thus reduces a paleontologic species 
from the concrete entity of most biologic 
species to the level of a concept. This con- 
cept, as held by different persons centers 
around the type specimen in varying degrees 
and two principal points of view prevail. 
First, the species may be considered to be 
defined by the type specimen and only those 
other specimens sufficiently similar to the 
type are included. Second (and this is the 
more modern view), the species is defined by 
all the known specimens that are rightfully 
referable to it and the type specimen is of 
no greater importance than any other except 
that it is the name bearer. 


GENERA AND HIGHER CATEGORIES 


The genus is a concept to both biologists 
and paleontologists. It consists of the type 
species and other closely similar and, usu- 
ally, presumably closely related species. The 
closeness of the required similarity or rela- 
tionship, however, cannot be specified and 
the opinions of individuals vary between 
wide extremes. Many species of modern 
organisms arrange themselves rather natu- 
rally into genera because of the absence of 
intermediate forms and thus their genera 
take on a semblance of reality. This is not 
so true of paleontologic genera which lose 
their horizontal distinctness as they are 
traced backward in time, and also grade 
vertically in:o antecedent and subsequent 
genera. Consequently, paleontologic genera, 
which are second order concepts, are like- 
wise complicated by the time factor and 
they are considerably more subjective than 
most biologic genera which are first order 
concepts and not concerned with time. 

Although the species is the fundamental 
unit of taxonomy, genera are actually the 
basic groups which are combined in building 
systems of classification. It may be fairly 
evident that one genus was directly derived 
from another but it is rarely possible to 
determine with reasonable certainty that 
one species is really a direct descendant of 
any other. From genera up, each taxonomic 
category is a concept based on other con- 
cepts and each is further removed from the 
reality of the type species or the type speci- 
men. Even though they are far removed 
from reality in this way, some of the higher 


categories actually are more distinct and 
unified groups, as contrasted with others at 
their respective levels, than are the lower 
categories. This results, evidently, from 
their earlier origin and the consequent 
greater rarity of intermediate forms. Thus a 
phylum, a class or an order may be a more 
logical group which accords better with 
morphological consistency than a family, a 
genus or even some species as each is judged 
by the characters considered to be impor- 
tant at its particular level. Thus the differ- 
ences of opinion are greater and instability 
in classification is likely to be most common 
in the lower categories and chiefly concern 
the combination of species into genera and 
the uniting of genera to form families. 
Taxonomic differentiations that have 
come to be recognized in many groups are 
so numerous that the seven fundamental 
categories (kingdom, phylum, class, order, 
family, genus, and species) are not sufficient 
to accommodate them all and many inter- 
mediate categories are required. No means 
has been devised, however, to standardize 
these categories or to define them with 
respect to grades of morphological difference 
or genetic relationship. Consequently it is 
not possible to state that a certain degree 
of differentiation characterizes a subgenus 
and another degree a genus and usually the 
rank assigned to any group is determined by 
some individual whose opinion is accepted 
more or less unreasoningly by others. There- 
fore, genera (or units in any other category), 
as recognized in one group of organisms, 
may not be comparable to the genera in 
another on the basis of the grade of morpho- 
logical difference or genetic relationship. 


PURPOSE OF CLASSIFICATION 


There are two very good reasons for at- 
tempting to work out a sound classification 
of organisms. First, a classification is neces- 
sary in order to organize a mass of data so 
vast that, in its entirety, it is beyond the 
comprehension of any individual. Only by 
classification can its general patterns and 
scope be understood and remembered. Such 
a need was early recognized and pre-Dar- 
winian classifications were based upon the 
qualities of morphological similarities and 
differences. Such classifications were pri- 
marily practical and useful in as much as 
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they not only organized knowledge but also 
served as an aid in identification by applica- 
tion of the process of elimination. 

The second purpose that a classification 
may fulfill is the indication of patterns and 
degrees of phylogenetic relationship. Since 
the acceptance of the theory of evolution 
such an objective has been more and more 
widely recognized as the proper aim of clas- 
sification and such a classification is com- 
monly termed a “‘natural’’ one. At the pres- 
ent time this view is so universally held by 
both biologists and paleontologists that any- 
one who does not subscribe to it is generally 
considered to be unenlightened and reaction- 
ary. 

Only a specialist who is intimately famil- 
iar with a particular group of organisms can 
construct a classification that is satisfactory 
in a practical way or convincing phylogenet- 
ically. Because of his knowledge such a 
specialist does not require a practical classi- 
fication for his own use and consequently he 

‘is almost certain to build a classification 
which he considers to be ‘‘natural”’ forget- 
ting or ignoring the requirements of many 
others for a practical short cut to the knowl- 
edge he has laboriously acquired. 

Most paleontologists will agree that it is 
desirable for a classification to be both 
“natural” and practical. Unfortunately, 
experience has shown that this is impossible 
in conformity with present practices. With 
the accumulation of more abundant and 
more detailed information, new conclusions 
regarding phylogeny are reached and the 
classification is changed accordingly. In con- 
sequence, classification becomes steadily 
less practical and useful at the same time 
that the increasing number of described 
species and genera makes a practical and 
useful classification more necessary. 

This movement of classification away 
from usefulness and practicality indicates 
that systematists consider phylogenetic 
classification to be an end in itself. There is 
no convincing reason for this conclusion, 
however, except for the contention that it is 
self evident. I recognize that search for the 
true phylogeny is a proper and very im- 
portant field of investigation but I do not 
believe that it should be accepted as the one 
supreme goal of paleontologic research. 
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CLASSIFICATION BASED ON MORPHOLOGY 


Any reasonable phylogenetic classifica- 
tion is actually a morphological one. Only 
morphology can be observed and on its basis 
conclusions regarding phylogeny are drawn. 
This is a fact that should be clearly recog- 
nized. A phylogenetic classification, there- 
fore, is nothing more than a special type of 
morphologic classification. It differs from 
others only by the introduction of a subjec- 
tive element requiring the interpretation of 
morphological similarities and differences in 
terms of probable phylogenetic significance. 

The assurance with which systematists 
refer to a supposed phylogenetic classifica- 
tion asa “‘natural’’ one, thus implying clas- 
sification on any other basis to be unnatural, 
seems to me unwarranted and quite mislead- 
ing. I contend that any logical classification 
based on facts (that is, based on observed 
characters and not undetermined or ima- 
ginary ones) can be rightly designated 
natural. From this point of view, a phylo- 
genetic classification may be less natural 
than one which is frankly morphologic be- 
cause of the dependence of a phylogenetic 
classification on interpretation. 

A perfect morphological classification 
(and this includes phylogenetic ones) should 
be based on all determinable characters. For 
both practical and theoretical reasons, how- 
ever, some characters must be given more 
weight than others. Such weighting involves 
choice and inevitably leads to differences of 
opinion. The quest of phylogeny does noth- 
ing to improve this situation but is likely to 
aggravate it because specialists in the same 
field can rarely agree completely concerning 
the significance of details and they may 
reach widely varying conclusions with 
regard to obvious and probably fundamen- 
tal differences. Each is likely to present his 
classification as the only ‘“‘natural’’ one but, 
in invertebrate paleontology at least, the 
subjective element of interpretation looms 
so large that there may be little choice 
between them. 

As an example, Wachsmuth and Springer 
believed the division of Paleozoic crinoids 
into camerates and inadunates to be funda- 
mental but Bather contended that the dis- 
tinction between monocyclic and dicyclic 
forms is more important. Or, compare the 
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foraminiferal classifications of Cushman and 
of Galloway. These are based upon quite 
different assumptions as to what characters 
are primitive and they also differ in many 
other important respects. Obviously, in 
either example, both proponents cannot be 
right and quite possibly both are wrong with 
respect to the true phyletic pattern. 


THE PROBLEM OF CLASSIFICATION 


Inescapable doubts regarding the validity 
of assumptions as to the relative significance 
of different characters and their interpreta- 
tion from the standpoint of phylogeny 
should give every systematist pause. They 
should make him consider most carefully 
whether the sacrifice of practical usefulness, 
which may result from the adoption of a 
new ‘“‘natural”’ classification, is justified. An 
impartial judgement, it seems to me, will 
in many Cases indicate that it is not. 

The importance of classification to pale- 
ontologists who are not primarily systema- 
tists is so great that their interest in this 
problem deserves most serious consideration. 
Certainly the instability that results from 
ever changing phylogenetic interpretations 
is most confusing to all but specialists in 
their own fields. Is it not possible to devise 
some system of classification that will at the 
same time preserve a reasonable amount of 
stability, practicality and simplicity greatly 
desired by general paleontologists and also 
possess the flexibility required by special- 
ists? 

Although the suggestions which I have to 
offer are the result of long consideration, I 
present them with considerakle misgivings. 
This is not because they are certain to meet 
with many objections, but because I am not 
sure of the best approach to this problem. 
If, however, paleontologists in general can 
be brought to realize that such a problem 
exists and if systematists and specialists in 
various fields can be brought to concede that 
this problem is worthy of consideration, my 
present objective will have been achieved. 
Therefore, I offer these suggestions with the 
hope that they may provide the basis for 
further consideration and discussion reflect- 
ing various divergent viewpoints. If general 
paleontologists and systematists can ap- 
proach this problem objectively and with a 
sympathetic understanding of the interests 


and needs of each other, there is a possibil- 
ity that a solution acceptable to all may be 
reached. 

Before presenting my suggestions, I must 
state my belief that there is no a priori rea- 
son why an acceptable classification should 
be strictly phylogenetic in all its details. In 
the first place, almost all paleontologists 
will admit that there is no reasonable pros- 
pect that any such perfect classification can 
ever be achieved. Possibly the main lines of 
phylogeny may be worked out to everyone's 
satisfaction eventually but imperfections in 
the record will render some details forever 
doubtful. In the second place, if such a 
classification were possible it could be so 
intricate and require the recognition of so 
many taxonomic grades that all but the 
most fanatical systematists would recoil from 
it. Therefore, it seems to me that we must 
inevitably face the question: How far is it 
reasonable to insist that the principle of 
phylogeny must be carried in classification? 


DEGREES OF HORIZONTAL CLASSIFICATION 


In a truly phylogenetic classification all 
species included in a genus (or any other 
group) must have descended directly froma 
single species. But should this ancestral 
species be a member of the younger genus 
(fig. 1, A or B) or may it be a terminal mem- 
ber of an older one (fig. 1, C)? This question 
does not seem to be particularly important 
in connection with genera but when the 
principle involved is applied to higher taxo- 
nomic categories it becomes significant. 
Genus C, however, in a strict sense is poly- 
phyletic because it includes more than one 
entirely separate line of descent. 

A consideration of all possibilities shows 
that genera based on the grouping of species 
according to morphological similarities fall 
into one or another of five classes as follows: 

1—All species descended from a single 
ancestral species (No. 7) included within the 
genus (fig. 1, B). 

2—All species descended from a single 
terminal species (No. 2) of the ancestral 
genus (fig. 1, C). 

3—All species descended from a species 
(No. 4) not terminal in the ancestral genus 
(fig. 1, D)—para'lel evolution. 

4—-Species descended from more than one 
entirely separate line included in the ances- 
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tral genus (fig. 1, E)—sustained parallel become more characteristic of so-called 
evolution. horizontal classification which produces 

5—Species descended from ancestors what are commonly termed form genera or 
included in more than one antecedent genus genomorphs. If all groups are of the type 
(fig. 1, F)—convergent evolution. characterized by Class 1 above, the largest 

A strictly proper phylogenetic (mono- group in question is descended from a single 
phyletic) genus can belong only to the first species included within it as strict phylogeny 
class, and genera of each subsequent class demands (fig. 2). 


22 F 








! 
' 
\ 
| 
1 
| 
) 
—|— oo — fe eee el Se eee 
1 
| 
| 
| 
1 
) 
) 
| 





Fic. 1—Diagram of a hypothetical expanding population genealogy showing species foci of six con- 
secutive species generations and their possible grouping into genera. 
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Fic. 2—Diagram of a hypothetical expanding population genealogy showing species foci grouped in 
Class 1 genera and their possible classification into families and orders. 
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Some systematists, in concession to prac- 
ticality, are prepared to recognize as proper 
any group that has descended from a single 
group of the next inferior rank. According 
to this idea a family may have descended 
from several species included within a single 
antecedent genus. Analysis shows that this 
proposal is potentially much more radical 
than has been realized. Certainly genera of 
Class 2, as defined above, would not be 
unacceptable. 





the same in both of these figures and the 
genera have been combined into as many 
families and orders as possible without 
creating unnecessary monotypic groups. 
The species pattern seems to be quite dif- 
ferent but this is more apparent than real 
because if intermediate species be intro- 
duced in figure 3 their pattern also becomes 
identical to that in figure 2 (see fig. 4) but 
the genera are differently constituted. 
Similar diagrams might be prepared to 





Fic. 3—Diagram of a hypothetical expanding population genealogy showing species foci grouped in 
Class 2 genera and their possible classification into families and orders. 


If each group, however, may deviate from 
the ideal only to the extent of corresponding 
to Class 2, it is possible for the common 
ancestral species to be pushed backward one 
step for each grade in the taxonomic scale. 
For example, in figure 3, Order IV de- 
scended through Family C and Genus 2 
from a species of Genus 1 and certainly it 
must be considered polyphyletic. In such a 
pattern, therefore, an order might have its 
ultimate origin in a species three orders 
removed. 

The diagrams shown in figures 2 and 3 
have been made as simple as possible and 
any number of intermediate species, genera, 
etc. might have been inserted in the various 
lines of descent. The pattern of genera is 


show relations with genera of Classes 3, 4, 
and 5 but they would be complex and have 
little or no further significance in this dis- 
cussion. 

The foregoing abstract consideration 
leads to two conclusions. First, the manner 
in which species are grouped in genera may 
exert an unexpectedly strong influence upon 
a logical and consistent classification at 
higher levels. Second, even the slightest 
deviation of species grouping away from 
genera of Class 1 is certain to increase the 
tendency toward horizontal classification 
and the creation of polyphyletic taxonomic 
groups. The real point of all this is that the 
paleontologic record is so imperfect and 
the limits and relationships of most species 
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and genera are so uncertain that horizontal 
classification and polyphyletic groups in 
some degree, are unavoidable. If this is so, 
if horizontal classification is useful and con- 
venient, and if other means can be provided 
to trace detailed phylogenetic relations, why 
should not certain taxonomic categories be 
recognized as frankly horizontal morpho- 
logical groupings designed to meet the prac- 
tical needs of paleontologists? 


MORPHOLOGICAL GENERA AND FAMILIES 


General paleontologists are mostly con- 
cerned with species, genera, and to a lesser 
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I propose for consideration, therefore, 
that genera and families (and possibly the 
other higher primary taxonomic grades) be 
accepted as frankly morphological groups of 
fairly inclusive character. Many of them 
undoubtedly would be polyphyletic in some 
degree and they would exemplify an admit- 
tedly horizontal system of classification. 
This, after all, is the original manner in 
which taxonomic groups were understood 
and systematists are certain to emphasize 
that such a reversion to old concepts is 
reactionary and ‘‘unnatural.’’ From one 
point of view this may be true but some- 


Fic. #—Diagram produced by a different generic grouping of the species of figure 2 or by the intro- 
duction of intermediate species into the pattern of figure 3. 


extent with families. The basic problems of 
species are unrelated to higher taxonomic 
categories and have been considered briefly 
earlier in this discussion. Genera and fami- 
lies, however, are comparable except that 
they exist at different levels. Higher cate- 
gories are necessary to complete the taxo- 
nomic structure, but they are of little im- 
portance in practical paleontology except as 
they affect the lower grades. Therefore, if 
genera and families were useful and stable 
groups the needs of most paleontologists 
would be best served. 


thing that is new is not necessarily superior 
in every respect to something that is old. 
The superiority of one system over another 
is relative and depends almost wholly upon 
the objective that may be desired. Certainly 
the old morphological system of classifica- 
tion is more useful, practical and funda- 
mentally stable although it may fail seri- 
ously in indicating phylogenetic relation- 
ships. 

Such acceptance of genera and families 
as morphologically homogeneous groups so 
constituted that they could be reasonably 
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easily identified and, if possible, strati- 
graphically restricted, would furnish the 
basis for a practical and useful classification 
that is urgently needed. I do not intend to 
suggest, however, that phylogenetic con- 
siderations should be completely ignored. 
Many broad featuresof the phylogenetic pat- 
tern are generally recognized and these cer- 
tainly should find expression in the classi- 
fication. I do believe, however, that the 
practicality of the system should not be 
sarcrificed to minor aspects of supposed 
phylogeny which are not well established. 
Nor does the classification need to be com- 
pletely static, but an old and useful system 
should not be greatly modified or discarded 
until a better and equally useful one has 
been developed and will find wide accept- 
ance. 

The foregoing suggestion, as so far out- 
lined, seems ideal from the standpoint of 
practical paleontology. However, it has one 
serious and clearly apparent deficiency. It 
does not provide convenient means for 
expressing the less evident and generally 
minor aspects of phylogeny and, as previ- 
ously stated, I believe that investigations 
in this field are both worthy and important. 
Means should be provided, therefore within 
the classification to permit the ready 
delineation of possible phylogenetic relations 
in as great detail as may be necessary. 


PROLIFICATION OF GENERA 


Many paleontologists object to the crea- 
tion of subgenera on the grounds that the 
taxonomic relations of subgenera to genera 
do not reflect the phylogenetic pattern as 
they see it. Consequently the number of new 
full genera proposed has been increasing in 
recent years at a constantly accelerating 
rate that gives no indication of leveling off. 
It is this increase in the number of generic 
mames and the resulting changes in the 
names of many familiar and long established 
species that are so troublesome to all pale- 
ontologists outside of their own particular 
fields of specialization, and so confusing and 
discouraging to students. This, more than 
anything else, is at the root of the most 
apparent and troublesome type of taxonom- 
ic instability. I feel that the situation as 
it now exists is dangerous to the welfare of 
paleontology as a whole because the ever 
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expanding maze of taxonomic detail and the 
multiplication and increasing instability of 
names discourage capable students from 
choosing paleontology as a field of research. 
Many regard activities that lead in this 
direction as senseless and essentially unpro- 
ductive of any significant results, and they 
turn their attentions elsewhere. In order to 
progress, paleontology must attract imag- 
inative and able new recruits. In my opinion 
the surest way to get them is to reduce taxo- 
nomic complexities to a minimum and 
greatly increase emphasis on the biologic 
aspects of paleontology which open the way 
to a whole series of practically virgin fields 
that cannot help but stir the imagination 
of anyone interested in living things. 

The recognition of a great multitude of 
minutely discriminated genera has several 
serious practical disadvantages. Names 
become so numerous that it is impossible to 
keep track of them. I am _ reasonably 
acquainted with late Paleozoic invertebrates 
in general and with trilobites of all ages. 
Often, however, in scanning lists of fossils I 
find generic names that are unfamiliar even 
to the extent of my being uncertain as to the 
phyla to which they belong, and I think 
that all paleontologists must have similar 
experiences. Running such names to earth 
may be very difficult and time consuming, 
and not infrequently a strange name turns 
out to be an old acquaintance in disguise. 

At present, also, the essential characters 
of many genera can be observed only in 
exceptionally preserved and consequently 
rare specimens. For example, in some of the 
families of inadunate crinoids generic dis- 
crimination is made on the basis of arm 
branching, but probably not more than one 
specimen in a hundred is found with arms 
attached and well preserved. Likewise, some 
genera of trilobites are based on the charac- 
ter of the hypostome which is rarely seen. 
This results in a somewhat absurd situation 
where it may be impossible to place an excel- 
lent and well characterized species or it may 
be necessary to arrive at a specific identifica- 
tion before it is possible to assign specimens 
to a genus. 

Finally, the recognition of such closely 
discriminated genera places emphasis over- 
whelmingly on differences although simi- 
larities are certainly of equal importance. It 
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PALEONTOLOGIC CLASSIFICATION 


is not uncommon for the identifications of 
faunas, which are very closely similar in 
composition, to be expressed in such differ- 
ent terms that a spurious disrelationship is 
indicated and the true affinity may be 
apparent only to one who is intimately 
acquainted with all the names involved and 
also, perhaps, the idiosyncrasies of the 
identifying persons. 

These disadvantages may not seem seri- 
ous to the systematist or specialist who can 
ignore all matters outside of his chosen and 
restricted field, but they are of great impor- 
tance to the stratigraphic paleontologist con- 
cerned with the identification of specimens, 
the comparison of faunas, and the making 
of correlations which is so essential to stratig- 
raphy in its broader aspects. Paleontology 
is not the exclusive field of the paleo-biol- 
ogist or systematist and the stratigraphic 
paleontologist is fully as important to pale- 
ontology as a whole. The stratigraphic 
paleontologist’s horizon is necessarily much 
broader than the specialist’s and he cannot 
be expected to have the intimate knowledge 
of all the specialists combined. If specialists 
desire to advance the cause of all paleontol- 
ogy, they should recognize that it is their 
duty to make their discoveries or conclu- 
sions as available, as understandable, and as 
useful as possible to others. These desirable 
objectives certainly are not advanced by 
the prevailing great increase in full generic 
names. 

I do not mean to imply that the systema- 
tists and morphologists do unimportant 
work. On the contrary their studies are 
essential to well rounded paleontology and 
must continue as long as progress is to be 
made. However, I do not think that their 
work is of dominating importance, and I can 
see no valid reason why all paleontologists 
should be forced to accept a system of classi- 
fication, even a phylogenetic one, merely 
because these persons may so desire. It 
seems unreasonable to me that paleontology 
should be expected to serve any system. 
After all there is nothing sacred about a 
system and the best is bound to be inconsist- 
ent and arbitrary in some respects. The 
system that is accepted should serve pale- 
ontology—not just one group of paleontol- 
ogists, but paleontology as a whole—just as 
fully as any system possibly can. 
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If we should accept genera as more or less 
broad groups defined on the basis of mor- 
phology and do not demand too close adher- 
ance to strict phylogeny, a considerable 
degree of simplicity in classification and 
stability in nomenclature could be attained. 
Such genera could be split into as many and 
as minutely discriminated subgenera as 
specialists may desire and no group already 
recognized and named need be abolished. 
However, many current genera would be 
reduced to subgeneric rank. For all prac- 
tical purposes these subgenera would be as 
useful units as the present genera. Through 
them phylogeny could be traced. Specialists 
could manipulate them at will to express 
their new discoveries or their differences of 
opinion. Such activities, doubtless of great 
interest and importance to a few, could, 
however, be ignored by the many who are 
not concerned with such details. Non-special- 
ists could by-pass these minor or unstable 
groups and continue to deal with familiar 
species (although these might be more finely 
discriminated) and genera. Names would 
not change so frequently and a Spirifer 
would remain a Spirifer. 


CONCLUSIONS 


It seems absurd to me that we should 
adopt a code of complicated rules in order 
to achieve nomenclatural stability and then 
surrender to a system of classification that 
makes stability impossible. If it is reason- 
able to demand stability in one direction, 
why is it not reasonable to desire it in the 
other? For practical purposes this problem 
must be faced because we are rapidly 
approaching an unmanageable situation 
which is bound to react unfavorably upon 
paleontology as a whole. 

I think that my suggestions may furnish 
a workable solution. They provide, in effect, 
a dual classification in which genetic units 
are subordinated to frankly morphologic 
ones. The total pattern, however, conforms 
to the conventional system of classification 
and no sharp break with custom or tradition 
is necessitated. Some persons are certain to 
object on the grounds that this is a reaction- 
ary step. I can understand their viewpoint, 
but I think that such a change would actu- 
ally be progressive. Although phylogeny 
might be required to take a secondary posi- 
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tion in the system this does not imply that 
its significance is belittled. This shift in 
emphasis would only show that we recognize 
the necessity of making some concession to 
practicality and are facing the problem 
realistically. Adequate means for expressing 
detailed phylogenetic relationships are fur- 
nished and intolerant systematists have 
nothing to lose but a sense of their own 
importance. 

So far I have stressed the advantages that 
I see associated with a more practical sys- 
tem of classification, but before closing this 
discussion it is necessary to acknowledge 
that some disadvantages are also inherent 
to it. For instance, the reduction of many 
genera to subgeneric rank would undoubt- 
edly create homonyms and require the intro- 
duction of new specific names which would 
disturb stability of nomenclature tempo- 
rarily. More serious, perhaps, from the 
systematists’ standpoint, would be the pos- 
sibility that phyletic lines might cross and 
different parts (subgenera) of a morphologic 
genus might be assignable, on a strict phy- 
logenetic basis, to different families. Such 
relations, however, are likely to be largely 
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matters of opinion and subject to various 
interpretations, and it is because of this 
that modern classification is increasingly 
unstable or has broken down completely. 
Consequently, it is my conclusion that these 
and other possible disadvantages are second- 
ary in importance to the very distinct ad- 
vantages offered by a more practical system 
of classification. 

Even though we may agree that a sim- 
pler classification with a reasonable degree 
of stability is desirable and that this might 
be achieved along the lines of my sugges- 
tions, the establishment of such a system 
would be no easy matter. First of all, many 
paleontologists must recognize a new objec- 
tive. They must transform themselves from 
splitters, not to lumpers, but to builders. 
Instead of creating new genera from old 
ones, they must build subgenera into useful 
genera. This should prove an inspiring chal- 
lenge to their knowledge and judgment, for 
a good job of building is much more difficult 
than tearing down, and great credit and the 
gratitude of all paleontologists would be well 
earned by him who accomplishes it satis- 
factorily. 
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PALEONTOLOGICAL NOTE 


HINGE MECHANISM OF PALEOZOIC OSTRACODES! 


I. G. SOHN? 
United States Geological Survey 


In studying the hinge elements of straight- 
backed Paleozoic ostracodes, the writer ob- 
served that opposing valves of specimens of 
the same species have hinge elements that 
cannot possibly ‘‘key’’ into each other when 
the carapace is intact. This note proposes an 
explanation of this anomaly. 

The valves of living ostracodes are at- 
tached to each other at two areas by means 
of two distinct elements: (1) a ligament 
along the dorsal margin, and (2) adductor 
muscles, the ends of which are fused to the 
shell at approximately the middle of the 
valves (muscle scar area). The adductor 
muscles close the valves, and the ligament 
keeps the valves open. 

The writer observed that living fresh- 
water ostracodes open the valves very 
slightly in order to extrude the appendages; 
the angle between the open valves is small, 
on the order of 5° to 10°.* This angle prob- 
ably varied with different groups of fossil 
ostracodes, depending upon the amount of 
overlap along the ventral margin, but prob- 
ably was always so small as to require very 


1 Published by permission of the Director, U.S. 
Geological Survey. 

2 U.S. Geological Survey, Washington, D. C. 

3 Confirmed by Miss J. M. Berdan, U. S. Geo- 
logical Survey, written communication, Decem- 
ber, 1947. 


little movement at the fulcrum along the 
hinge lines when the valves closed. 

It is postulated that the ligament per- 
formed a dual function: it connected the 
two valves, and it acted as an elastic medium 
that was compressed when the valves 
closed. Relaxation of the adductor muscles 
released the pressure on the ligament and 
caused the valves to open. The groove and 
flange elements that compose the hinge 
structure of many groups of Paleozoic 
ostracodes served in part as a fulcrum and 
in part to strengthen the attachment of the 
ligament to the valves. Consequently, they 
did not necessarily “key” into each other. 
Cardinal teeth and sockets had the function 
of preventing lateral movement of the artic- 
culated valves. 

The writer wishes to thank Dr. C. L. 
Cooper, U.S. Geological Survey, with whom 
this concept was discussed and who read 
this manuscript. Dr. Cooper had arrived 
tentatively and independently at a similar 
conclusion. 
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ERRATA 





For: S. W. Tromp, The value of Globi- 
gerinidae ratios in stratigraphy, Journal 
of Paleontology, Vol. 23, no. 2, pp. 223- 
224, March 1949. 

p. 223, right hand column, line 12 from 

bottom: 
ratios, for rations 
p. 224, left hand column, line 10 from 
bottom: 
Globigerinoides, for Globigerinella 

p. 224, right hand column, line 10 from top: 

from the Middle to the Upper and to the 
Lower 
p. 224, right hand column, line 15 from 
bottom: 
Geologie en 

For: Kiyoshi Asano, New Miocene Fora- 
minifera from Japan, Journal of Paleon- 
tology, Vol. 23, no. 4, pp. 423-430, 2 text 
figures, July, 1949. 

p. 423 line 6 from bottom: (Fig. 1, nos. 61- 
64) should read (Fig. 1, nos. 61-65). 


p. 424 line 4 from top: (Fig. 1, no. 1) should 
read (Fig. 2, no. 1). 

p. 424 line 27 from bottom: (Fig. 1, nos. 
18-20) should read (Fig. 2, nos. 18-20). 

p. 424 line 21 from bottom: (should read 
Globobulimina pacifica Cushman (Fig. 1, 
no. 60). 

p. 426 left hand column line 10 from top: 
should read Figure 1, nos. 61-65 

p. 426 right hand column line 3 from top: 
should read Figure 1, nos. 4-11, 20, 21. 

p. 426 line 6 from bottom: should read 47— 
Virgulina cf. pauciloculata Brady 

p. 426 bottom line: should read 61/-—65— 
Pseudogaudryina ishikiensis Asano 

p. 426: Add to explanation of Figure 1 


49—Lagena  substriata Williamson, 
30. (p. 424). 

60—Globobulimina pacifica Cushman, 
x30. (p. 424). 


p. 428 right hand column line 12 from bot- 
tom: should read Figure 2, nos. 23-27. 





SOCIETY RECORDS AND ACTIVITIES 


TWENTY-FOURTH ANNUAL MEETING OF THE SOCIETY OF ECONOMIC 
PALEONTOLOGISTS AND MINERALOGISTS 


Stevens Hotel, Chicago, April 24-27, 1950 


The annual meeting of the S.E.P.M. will 
be held at the Stevens Hotel, Chicago, on 
April 24, 25, 26, and 27, 1950. As in previous 
years the meeting will be held jointly with 
the A.A.P.G. and S.E.G. 


S.E.P.M. TECHNICAL PROGRAM 


In addition to presidential addresses and 
joint sessions with the other two explora- 
tory societies, the S.E.P.M. program will 
include technical sessions and a symposium. 


The symposium, under the direction of the 
Research Committee, will be on Problems 
in Marine Geology and will include papers 
by outstanding authorities. 

President Stenzel has appointed L. L. 
Sloss, Northwestern University, Evanston, 
Illinois, to be program chairman for the 
S.E.P.M. Members planning to submit 
papers should notify the program chairman 
by January ist of the title and length of 
their papers. Abstracts, typewritten, double- 
spaced, and in duplicate, are due on or be- 
fore February Ist. 
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Alabama: Foraminifera, new names (4). 

Alberta: “‘Laosaurus’’ minimus, Cretaceous, relation hips (55). 

Algae, coralline: Tertiary, Dutch East Indies (38). 

Allegheny formation: conodonts, Ohio (66). 

Alzadasaurus pembertont, new elasmosaur, Upper Cretaceous, South Dakota (80). 
America, tropical: Cancellariidae, Miocene (45). 

Ammonites: Pedtoceras (88); Scaphites morrowt, new name (37). 


Ammonoidea: Pedioceras (88); Permian, Colombia (73); Scaphites morrowi, new name (37). 


Analysis: multivariate (9); of variance, application to paleontology (49). 
Arapahota convexa, A. prolixa, A. nethartensis, A. walcottae (40). 
Arbuckle Mountains: trilobites, upper Cambrian (22). 

Arkansas: cephalopods, Mississippian (47). 

Arizona: cephalopods, Mississippian (47). 

Asagai formation (Tertiary): Foraminifera, Japan (1). ; 
Assistantships: Geology Department, School of Mines and Metallurgy, University of Missouri (96). 
Athyris, unusual specimen, Mississippian, Missouri (76). 
Bibliography, Foraminifera: new genera, species, and varieties, 1947 (70); 1948 (71); supplements and 


corrections, 1931-1947 (69); 1939-1947 (71). 


Polivinia astoriensis Rau (No. 4, p. 441). 

Borneo: coralline algae, Tertiary (38). ; ‘ 
Brachiopoda: Athyris, Mississippian, Missouri (76); Bancroftina Sinclair 1946 (58). 
British Columbia: Lithostrotion, Mississippian, bearing on genomorph concept (42). 
California: Chione and Securella, Tertiary and Recent (52); Gastropoda, new, Middle Eocene (29); 
Hannatoma fauna, age of (44); Mytilus, new species, Pliocene (43); Ostracoda, Pliocene (13). 


695 


673 
223 
328 
576 


364 
680 


521 
218 


25 
556 
435 
329 
573 
465 
623 
276 
613 
161 
617 

57 
340 
108 
340 


145 














ake tte ree ee oe 











696 SUBJECT INDEX 





Cambrian, upper: trilobites, Elvinia zone, Texas (82), homonyms and synonyms, Montana (40), 
Oklahoma (22). 

Canada: ‘“‘Laosaurus’’ minimus, Cretaceous, Alberta, relationships (55); Microcyclus, new species, 
Devonian, Ontario (65); trilobites (hypoparian), Ordovician, Quebec (53). 

Canal Zone, Panama: larger Foraminifera, upper Eocene, Gatun Lake (11). 

Cancellariidae: nomenclatural units and tropical American Miocene species (45). 

Cane River formation (Eocene): Foraminifera, Louisiana, and correlation with Texas and Mississippi 
formations (36). 

Carbonera formation: evidence of upper Eocene age (Colombia) (18). 

Carinorbis Yen (86). 

Center of Paleontological Studies and Documentation, Paris Museum (94). 

Cephalopoda: Mississippian, central and western United States (47); Mississippian, late, eastern 
Nevada (89, 90); Ordovician, Iowa (48); Permian nautiloids and ammonoids, Colombia (73); 
Scaphites morrowt, new name (37). 

Chimaeroid fishes: egg capsules, Triassic, Connecticut Valley (6). 

Chione cathcartensis, C. columbiensis, C. fluctifraga, C. mathewsonii, C. whitneyi (52). 

Chira group, age of, Peru (63). 

Cibicides, nomenclatural notes (62). 

Classification, paleontologic: suggestions for revision of (79). 

Colombia: Cancellariidae, Miocene (45); Carbonera formation, Middle Tertiary age of (18); cephalo- 
pods and fusilinids, Permian (73); Hannatoma fauna, Tertiary (19, 32, 97); Pedioceras, synonym 
of Crioceras (Pseudocrioceras) (88). 

Colorado: new rudistid, Upper Cretaceous (26); Ostracoda, Eocene and Paleocene (67). 

Connecticut: chimaeroid egg capsules, Triassic (6). 

Conodonts: Mississippian, late, lowa (92); Mississippian, lower, southeastern Iowa (93); Pennsyl- 
vanian, eastern Ohio (66); Pennsylvanian, early, Iowa (91). 

Coosta grandis (40). 

Coquina, cephalopod, Ordovician, Iowa (48). 

Corals: Devonian, new species, Michigan and Ontario (65); Lithostrotion, Mississippian, British 
Columbia, bearing on genomorph concept (42). 

Costa Rica: Cancellariidae, Miocene (45). 

Cottaldia australis (12). 

Cretaceous: echinoids, Peru (12); -Eocene boundary, established by quantitative generic analysis, 
Near East (74); Eucytherura, Gulf Coast (78); ‘‘Laosaurus’’ minimus, Alberta, relationships (55). 

Cretaceous, Lower: Foraminifera, new, Germany and England (5); molluscan faunas, fresh-water, 
North America, (87). 

Cretaceous, Upper: elasmosaurid plesiosaur, South Dakota (80); Foraminifera, new, ‘“‘Clavulina”’ 
shale, Peru (64). 

Cricetid?, upper Eocene, Wyoming (83). 

Crinoidea: Jaekelicrinus bashkiricus Yakovlev, n. gen., n. sp., upper Devonian, Russia (84). 

Cruciloculina d’Orbigny, validity of (2). 

Danian: superfluous term in Near East (74). 

Dentalium (Antalis) raymondi, giant scaphopod, Pennsylvanian, Texas (46). 

Devonian: Microcyclus, new species, Michigan and Ontario (65); nautiloids (21). 

Devonian, upper: Jaekelicrinus bashkiricus Yakovlev, n. gen., n. sp., Russia (84). 

Dictyoconus lineage: parallelism with rotaliid Foraminifera of the Chapmanininae (23). 

Dinosauria: ‘‘Laosaurus” minimus, relationships, Cretaceous, Alberta (55). 

Duchesnian: small mammals, Wind River Basin, Wyoming (83). 

Dutch East Indies: coralline algae, Tertiary (38). 

East Indies, Dutch: coralline algae, Tertiary (38). 

Echinoidea: Cretaceous, Peru (12). 

Ecuador: Cancellariidae, Miocene (45); Hannatoma fauna, age of (44, 61, 97). 

Eden faunule, Martinsburg group, New Jersey, correlation with eastern Pennsylvania (81). 

Egg capsules, chimaeroid fishes, Triassic, Connecticut Valley (6). 

Egypt: Foraminifera, upper Tertiary (60); Globigerinidae ratios, Miocene (75). 

Elasmosaurs: Alzadasaurus pembertoni, Upper Cretaceous, South Dakota (80). 

Elvinia zone: trilobites, faunules, upper Cambrian, Texas (82). 

England: new Foraminifera, Lower Cretaceous (5). 

Eobronteidae: term to replace Scutellidae, Richter and Richter (57). 

Eobronteus hibernicus: correction of location (56). 

Eocene: coralline algae, Dutch East Indies (38); -Cretaceous boundary, established by quantitative 
generic analyses, Near East (74); ‘‘Eocene fresh-water Mollusca from Wyoming” Jour. Paleon- 
tology, Vol. 22, pp. 634-640, location corrections (85); Foraminifera and correlation of Cane 
River formation, Louisiana (36); Hannatoma fauna, Ecuador (61, 97), Peru (44, 97); Venezuela 
(39, 97); Ostracoda, Wyoming, Montana, Utah, Colorado (67). 

Eocene, middle: Ferayina, Venezuela (10); gastropods, California (29). 

Eocene, upper: Carbonera formation, Colombia, age of (18); Chira group, Peru, fauna (63); Foramin- 
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ifera, larger, Panama Canal Zone (11); Foraminifera, new, Talara formation, Peru (64); Hanna- 
sey _ Colombia (97), Ecuador (61); Venezuela (97); small mammals, Duchesnian, Wyom- 
ing 

Eomyid, wd Eocene, Wyoming (83). 

Errata: No. 4, p. 441; No. 6, p. 692. 

Fellowships: National Research Council (95); Geology Department, School of Mines and Metallurgy, 
University of Missouri (96). 

Ferayina, Foraminifera, Middle Eocene, Venezuela (10). 

F oraminifera: Asagai formation (Tertiary), Japan (1); bibliography and index to new genera, species, 
and varieties, 1947 (70), 1948 (71), supplements and corrections, 1931-1947 (69), fae isat Cy. 
Cibictdes, nomenclatural notes (62); Cretaceous, Lower, new genera, England and Germany (5); 
Cretaceous, Lower, Walnut formation, northern Texas and southern Oklahoma (41); Cretaceous, 
Upper, new genera, Peru (64); Cructloculina (2); Eocene, Cane River formation, Louisiana (36), 
new names for two species, Clarke County, Alabama (4); Eocene, upper, larger, Panama Canal 
Zone (11); Ferayina, middle Eocene, Venezuela (10); fusulinids, Permian, Maracaibo Basin, 
Colombia and Venezuela (73), Permian, Timor (72), Permian, lower, new type, Japan (30); 
Globigerinidae ratios, value in stratigraphy, Miocene, Egypt and Turkey (75); Hagenowella, 
Paleocene, Netherlands (34); Hannatoma fauna, South America (19, 32, 39, 44, 61, 97); Koko- 
zura formation, Miocene, Japan (3); Lepidocyclina, new, Miocene, Japan (50); Oligocene, Clarke 
County, Alabama, new names for two species (4); Pullenia, nomenclatural notes (62); Rotaliidae, 
Chapmanininae (10, 23, 24); Tertiary, upper, Egypt (60). 

Franconian age, trilobites, Oklahoma (22). 

Fusulinids: Permian, Maracaibo Basin, Colombia and Venezuela (73), Timor (72); Permian, lower, 
new type, Japan (30). 

Gastropoda: Cancellariidae, nomenclatural units and tropical American species (45); Eocene, middle, 
new species, California (29); Pedioceras, synonym of Crioceras (Pseudocrioceras) (88). 

Gatun Lake, Panama Canal Zone, larger Foraminifera from upper Eocene (11). 

Genomorph concept: bearing of Lithostrotion, Mississippian, British Columbia, on (42). 

Georgia: ostracodes, leperditiid (68). 

Germany: new Foraminifera, Lower Cretaceous (5). 

Globigerinidae: ratios, value in stratigraphy, Miocene, Egypt and Turkey (75). 

Graptolites: new varieties, Ordovician, Tennessee and Virginia (17). 

Gulf Coast: Eucytherura, Cretaceous and Tertiary (78). 

Hagonowella, new species, Paleocene, Netherlands (34). 

a ee (44); Colombia (19, 32, 97), Ecuador (44, 61, 97); Peru (44, 97); Venezu- 
ela (19, 32, 97). 

Hannatoma zone: stratigraphic position (Eocene) in western TAchira region, Venezuela (39). 

Herpetocypris Sars (67). 

Hinge: features, leperditiid ostracods, Georgia (68); mechanism Ostracoda, Paleozoic (59). 

a in “Early Upper Cambrian faunas of Central Montana”’ (40); synonymous, possibility 
of (27). 

Honey Creek formation (Upper Cambrian): redefinition of scope, trilobites (22). 

Hoplophoneus, statistical study (35). 

Howellaspis Lochman and Denson (40). 

Illinois: cephalopods, Mississippian (47). 

Index to Foraminifera: new genera, species, and varieties, 1947 (70), 1948 (71); supplements and 
corrections, 1931-1947 (69), 1939-1947 (71). 

Insectivores: Metacodon, upper Eocene, Wyoming (83). 

Iowa: cephalopod coquina, Ordovician (48); conodonts, Mississippian, late (92), Mississippian, lower 
(93), Pennsylvanian, early (91). 

Ireland: Craighead limestone at Girvan, age of (56); Eobronteus hibernicus, County Tyrone (56). 

Isopod track, Oniscotdichnus, Coconino sandstone (7) 

Tsopodichnus Brady (7). 

Jaekelicrinus bashkiricus Yakovlev, s. sp., n. gen., upper Devonian, Russia (84). 

Jamaica: Cancellariidae, Miocene (45). 

Japan: Cruciloculina, Sawane formation (Pliocene) (1); Foraminifera, Asagai formation (Tertiary) (1); 
Kokozura formation (Miocene) (3), fusilinid, Lower Permian (30); new Mollusca, Tertiary (31). 

Java: coralline algae, Tertiary (38). 

Kentucky: cephalopods, Mississippian (47). 

Lagena parvulipora (4). 

Laosaurus minimus (55). 

Leperditia hisingert var. gibbera, L. gigantea (68). 

Leperditiid ostracods: muscle marks, hinge and overlap features, new genera, modifications, Georgia 


Lepidocyclina: mortoni (11); Miocene, new, Japan (50). 
Lithostrotion: Mississippian, British Columbia, bearing on genomorph concept (42). 
Loganopeltis: facial sutures, synonym of Loganopeltoides (54). 
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Loganopeltoides: facial sutures, synonym of Loganopeltis (54). 

Louisiana: Foraminifera from Cane River Eocene (36). 

Maquoketa formation (Ordovician): cephalopod coquina, Iowa (48). 

Maryvillia aequa (40). 

Metacodon: upper Eocene, Wyoming (83). 

Michigan: Microcyclus, new species, Devonian (65). 

Microcyclus: new species, Devonian, Michigan and Ontario (65). 

Miocene: Cancellariidae, tropical America (45); coralline algae, Dutch East Indies (38); Foraminifera, 
iepen (3); Egypt (60); Globigerinidae ratios, Egypt and Turkey (75); Lepidocyclina, new, Japan 


Mississippian: Athyris, Missouri (76); cephalopods, central and western United States (47); Litho- 
strotton, British Columbia, bearing on genomorph concept (42). 

Mississippian, lower: conodonts, Iowa (93). 

Mieco ron) upper: cephalopods and correlation, White Pine shale, Nevada (89, 90); conodonts, 

owa , 

Missouri: Athyris, Mississippian (76); cephalopods, Mississippian (47); Geology Department, School 
of Mines and Metallurgy, University of Missouri, fellowships and assistantships (96). 

Mollusca: Cretaceous, Lower, fresh-water, North America (87); Hannatoma fauna, Tertiary, Cali- 
fornia (44), Colombia (19, 32, 97), Ecuador (44, 61, 97), Peru (44, 97), Venezuela (19, 32, 97); 
location corrections for ‘‘Eocene fresh-water Mollusca from Wyoming,”’ Jour. Paleontology, Vol. 
22, pp. 634-640 (85); scaphopod, giant, Pennsylvanian, Texas (46); Tertiary, Japan (31). 

Montana: cephalopods, Mississippian (47); homonyms and synonyms in “Early upper Cambrian 
faunas of central Montana” (40); Ostracoda, Eocene, Paleocene (67). 

Multivariate analysis (9). 

Muscle marks: leperditiid ostracods, Georgia (68). 

Mytilus, new species, Pliocene, California (43). 

National Research Council, fellowshp (95). 

Nautiloidea: Devonian, new genera (21); Permian, Colombia (73). 

Nautilus beccarit Linne, nomenclature and generic position (24). 

Near East: ‘‘Danian”’ (74). 

Netherlands: Hagenowella, Paleocene Foraminifera (34). 

a —_— Mississippian (47); Mississippian, late, and correlation of White Pine shale 

New Jersey: Eden faunule, Martinsburg group (81). 

New names: Brachiopoda: Raymondella Whittington to Bancroftina Sinclair (58); Reedaspis Prantl 
and Pfibyl to Raymondella Reed (58); Cephalopoda: Pedioceras Gerhardt to Crioceras (Pseudo- 
crioceras) Karsten (88); Scaphites morrowt to S. pygmaeus (37); Dinosauria: Laosaurus minimus 
to ‘L.”” minimus (55); Echinoidea: Cottaldia australis to Orthopsts (12); Foraminifera: Lagena 
parvulipora to replace L. elliptica (4); Lepidocyclina mortoni to L. (L.) montgomeriensis (11); 
Triloculina pinguis to T. subrotunda (4); Gastropoda: Carinorbis Yen to Curinulorbis Yen (86); 
Invertebrate tracks: Isopodichnus Brady to Oniscoidichnus Brady (7); Ostracoda: Leperdittia 
gigantea to Herrmannina welleri (68); Leperditia hisingeri var. gibbera to L. longigibbera (68); 
Herpetocypris Sars to Erpetocypris Brady and Norman (67); Pelecypoda: Chione cathcartensts to 
Macrocallista c. (52); C. columbiensis to Protothaca c. (52); C. flucttfraga to Protothaca f. (52); C. 
mathewsontt to Amiantis m.? (52); C. whitneyi to Dosinia w. (52); Venus (C.) conradiana to 
Clementia (52); Trilobita: Arapahota convexa to A. polita (40); A. nethartensis to A. elongata (40); 
A. prolixa to A. polita (40); A. walcottae to A. snowiensis (40); Bolivina astoriensis Rau to B. 
chehalisensis (No. 4, p. 441); Coosia grandis to C. dakotensis (40); Howellaspis Lochman and 
Duncan to Bolaspidella Resser (40); Maryvillia aequa to M. wyomingensis (40); Pilgrima Duncan 
to Paracedarta Duncan (40). 

Niobrara formation (Upper Cretaceous): new rudistid, Colorado (26). 

Nomenclature: comments on ‘‘Paleogeography and nomenclature” (51); Pullenia and Cibicides (62); 
revision of international rules for zoological (33). 

Ohio: conodonts, Pennsylvanian (66). 

Oklahoma: Foraminifera, Lower Cretaceous (41); trilobites, upper Cambrian (22). 

Oligocene: Foraminifera, Egypt (60); Hannatoma fauna, California and Ecuador (44). 

Ontario: Microcyclus, new species, Devonian (65). 

Ordovician: cephalopod coquina, Iowa (48); graptolites, Tennessee and Virginia (17); trilobites 
(hypoparian), Quebec (53). 

Ordovician, middle: Eobronteus, North America (57). 

Ordovician, upper: Craighead limestone at Girvan, Ireland, age of (56); Eden faunule, Martinsburg 
group, New Jersey (81); Eobronteus from Europe (57). 

Ornament: suggested replacement by term prosopon (25). 

Ostracoda: Eucytherura, Cretaceous and Tertiary, Gulf Coast (78); leperditiid, muscle marks, hinge 
and overlap features, new genera, modifications of classification, Georgia (68); Paleozoic, hinge 
mechanism (59); Pliocene, southern California (13); Tertiary, non-marine, western interior 


United States (67). 
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Overlap features: leperditiid ostracodes, Georgia (68). 

Pacific Coast of North America: Chione and Securella, Tertiary and Recent species (52). 

Paleocene: Hagenowella, Netherlands (34); Ostracoda, Wyoming, Montana, Utah, Colorado, North 
Dakota (67). 

“Paleogeography and nomenclature,” comments on (51). 

Paleontologist: biologist or geologist (53). 

Paleontology: Center of Paleontological Studies and Documentation, Paris Museum (94). 

Paleontology, quantitative: analysis of variance (49); applied to the determination of Cretaceous- 
Eocene boundary, Near East (74); Globigerinidae ratios, Miocene, Egypt and Turkey, value in 
stratigraphy (75); multivariate analysis (9); statistical study of Hoplophoneus (35). 

Paleozoic: Ostracoda, hinge mechanism (59). 

Panama Canal Zone: larger Foraminifera from Upper Eocene, Gatun Lake (11). 

Pedioceras Gerhardt (88). 

Pelecypoda: fossil and Recent species, Pacific Coast, North America (52); Mytilus, new species, 
Pliocene, California (43); new rudistid, Upper Cretaceous, Colorado (26). 

Pella beds (Late Mississippian): conodonts, Iowa (92). 

Pennsylvania: correlation of Martinsburg group, New Jersey, with formations in eastern (81). 

Pennsylvanian: conodonts, Ohio (66). 

Pennsylvanian, lower: conodonts, Iowa (91). 

Pennsylvanian, middle: giant scaphopod, Texas (46). 

Permian: fusulinids, Timor (72); fusulinids and cephalopods, Maracaibo Basin, South America (73); 
invertebrate track, ontscotdichnus, Coconino (). 

Permian, lower: fusulinids, Japan (30). 

Peru: Cancellariidae, Miocene (45); Chira group, age of (63); Echinoids, Cretaceous (12); Foramin- 
ifera, new genera, Upper Cretaceous and Eocene (64); Hannatoma fauna, (44, 97). 

Photography: stereophotography (20). 

Pilgrima Duncan (40). 

Plesiosaura: Alzadasaurus pembertont, Upper Cretaceous, South Dakota (80). 

Pliocene: Cruciloculina, Sawane formation, Japan (2); Foraminifera, Egypt (60); Mytilus, new species, 
California (43); Ostracoda, California (13). 

Prosopon: proposed term to replace ornament. 

Prospect Hill sandstone (Lower Mississippian): conodonts, Iowa (93). 

Pullenia: nomenclatural notes (62). 

Puma, fossil: Hoplophoneus, Tertiary, Wyoming (35). 

Quantitative paleontology: analysis of variance (49); generic analysis of microfauna, use in establish- 
ing Cretaceous-Eocene boundary, Near East (74); Globigerinidae ratios, Miocene, Turkey and 
Egypt, value in stratigraphy (75); multivariate analysis (9); statistical study of Hoplophoneus 


(35). 

Quebec: (hypoparian) trilobites, (Ordovician (53). 

Rabbit, fossil: dental anatomy, upper Eocene, Wyoming (83). 

Raymondella Whittington (58). 

Recent: Pelecypoda, Pacific Coast (52). 

Reedaspis, Prantl and Pfibyl (58). 

Reviews: Brachiopoda and Mollusca from the Productus limestones of the Salt Range, by F. R. 
Cowper Reed (8); Foraminifera in the Gullmar Fjord and the Skagerak, by Hans Héglund (14); 
Lower Ordovician Ostracods of the Siljan district, Sweden, by Ivar Hessland (77); Repartition 
stratigraphique du genre Arenobulimina Cushman, by N. Grekoff (15); The Swedish Paleocene 
and its foraminiferal fauna, by Fritz Brotzen (16). 

Rodents, paramyd: Upper Eocene, Wyoming (83). 

Rudistid, new: Upper Cretaceous, Colorado (26). 

Russia: Jaekelicrinus bashkiricus Yakovlev, n. gen., n. sp., upper Devonian (84). 

Scaphites morrowt, new name for Scaphites pygmaeus Morrow 1935 (37). 

Scaphites pygmaeus (37). 

Scaphopod, giant, Pennsylvanian, Texas (46). 

Sciuravid: upper Eocene, Wyoming (83). 

Securella: Tertiary and Recent, Pacific Coast of North America (52). 

Silurian, basal: Eobronteus, Europe (57). 

Society records and activities: Paleontological Society (no. 1, p. 105; no. 3, p. 331, p. 338; no. 5, p. 
575); Society of Economic Paleontologists and Mineralogists (no. 2, p. 234; no. 4, p. 442, p. 449). 

South America: Hannatoma fauna, age and environmental conditions (97). 

South Dakota: elasmosaurid plesiosaur, Upper Cretaceous (80). 

Species without a genus (28). 

Spirifer whitneyi: analysis of variance applied to (49). 

Sporobulimina: Foraminifera, new, Upper Cretaceous, Peru (63). 

Sporobuliminella: Foraminifera, new Upper Cretaceous, Peru (63). 

Statistical studies: analysis of variance (49), Globigerinidae ratios, Egypt and Turkey (75); Hoplopho- 
neus (35); multivariate analysis (9). 
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Stereophotography, as paleontological tool (20). 

Stichocassidulina: Foraminifera, new, upper Eocene, Peru (64). 

Synonymous homonyms, possibility of (27). 

Synonyms: in ‘Early upper Cambrian faunas of central Montana’”’ (40). 

Tachira region, Venezuela: Hannatoma fauna, stratigraphic position, Eocene (39). 

Tetracoralla: new species, Devonian, Michigan and Ontario (65). 

Talara formation (upper Eocene): new Foraminifera, Peru (64). 

Tennessee: Ordovician graptolites (17). 

Tertiary: coralline algae, Dutch East Indies (38); Eucytherura, Gulf Coast (78); Foraminifera, Asagai 
formation, Japan (1); Hannatoma fauna, Colombia and Venezuela (19, 32); Hoplophoneus, lower 
Brule, Wyoming (35); Mollusca, Japan (31); Pelecypoda, Pacific Coast (52). 

Tertiary, early: ostracodes, non-marine, western interior United States (67). 

Tertiary, upper: Foraminifera, Egypt (60). 

Texas: Foraminifera, Walnut formation, Lower Cretaceous (41); scaphopod, giant, Pennsylvanian 
(46); trilobite faunules, Upper Cretaceous (82). 

Timor: fusulinids, Permian (72). 

Track, invertebrate: Oniscoidichnus, Permian (7). 

Triassic: chimaeroid egg capsules, Connecticut Valley (6). 

Trilobita: Elvinia zone, upper Cambrian, Texas, new genera, faunules (82); Eobronteus hibernicus, 
upper Ordovician?, Ireland (56); (hypoparian) trilobites, facial sutures and validity of Logan- 
opeltoides and Loganopeltis, Ordovician, Quebec (53); Raymondella Reed 1935 (58); upper Cam- 
brian, Oklahoma (22). 

Triloculina pinguts (4). 

Trinidad: Cancellariidae, Miocene (45). 

Turkey: Globigerinidae ratios, Miocene (75). 

Utah: Ostracoda, Eocene, Paleocene (67). 

Variance, analysis of: application to paleontology (49). 

— Ferayina, middle Eocene (10); Hannatoma fauna, Tertiary (19, 32, 39); fusulinids, Permian 


Venus (Chione) conradiana (52). 

Virginia: gaptolites, Ordovician (17). 

Walnut formation (Lower Cretaceous): Foraminifera, Texas and Oklahoma (41). 

White Pine shale (Late Mississippian): cephalopods and correlation, Nevada (89, 90). 

Wichita Mountains: trilobites, upper Cambrian (22). 

Wilberns limestone (Upper Cretaceous): trilobite faunules, Texas (82). 

Wyoming: Hoplophoneus, lower Brule formation (35); mammals, small, uppermost Eocene, Wind 
River Basin (83); location corrections on ‘Eocene fresh-water Mollusca from Wyoming,”’ Jour. 
Paleontology, Vol. 22, pp. 634-640 (86); ostracodes, Eocene, Paleocene (67). 

Zapotal sands: Hannatoma fauna, Ecuador (61). 

Zoological nomenclature: revision of international rules (33). 
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